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PBEFACE 



In writing this book my aim has been to give a short account of those 
experiments which can be carried out by students during classes, 
together with a selection of experiments suitable for class demonstra-* 
tions. In the selection of the experiments I have been largely guided 
by the course of Advanced Practical Physiology given by Professor 
HaiiLibubton at King's College, which was based upon the ' Syllabus 
of Lectures ' published by Professor J. Buedon Sandebson in 1879, 
though in several respects I have modified and added to this course. 

The illustrations are for the most part new. For permission to 
reproduce several of the figures of instruments I wish to thank 
Professors McKendbick, Yeo, Hallibubton, and Walleb. The 
source of these figures is indicated in each case. The reproductions 
of the tracings are all new and taken from tracings specially prepared 
for the purpose. With very few exceptions they are all reproduced 
the same size as the originals, so that the measurements indicated in 
the text directly apply to the figures. 

Those modifications of many of the usual forms of apparatus 
figured in the text have been made for me by Mr. C. F. Palmeb, and 
are especially designed for class work. 

The plan of the book varies slightly from that adopted by Professor 
Schafeb and Professor Hallibubton in their ' Essentials.' I have 
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made use of three different types : a small type employed in describing 
apparatus or the method of carrying out an experiment ; a medium 
type forming the main body of the text ; and a heavy type used in the 
accounts of the more fundamental experiments which are fitted for 
elementary classes. It seemed better to mark off these elementary 
experiments in this way rather than to separate the book into an 
elementary and an advanced course. The number of elementary 
experiments given is only small, and a detailed list of them will be 
found on p. xiv. 

To Professor HaiiIiIburton and to Professor Schafeb my best 
thanks are due for the many suggestions and criticisms with whi4^ 
.they have aided me during the preparation of the book. To Dr. 
A. E. BussELL, Medical Eegistrar, St. Thomas's Hospital, I am 
especially indebted for many valuable suggestions and alterations, and 
for his assistance in reading and correcting the proofs. 

T. G. BRODIE. 

St. Thomas's Hospital, December 1897. 
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CHAPTEE I 

SOME PHYSICAL INSTRUMENTS IN CONSTANT USE IN 
PHYSIOLOGICAL EXPERIMENTS 

Before undertaking any purely physiological experiments it is 
V necessary to understand the construction and mode of working of 
certain pieces of physical apparatus which are in constant use ; such, 
for instance, as batteries, induction coils, keys, &c. 

The Daniell's Element (fig. 1) is in very general use, on account 
of the constancy of the current it yields. It consists of an outer 
vessel of glass or glazed earthenware, in which is placed a cylinder 
of copper open at both ends. "Within the copper cylinder is a porous 
pot, and within this is a roll of zinc. The outer vessel is filled with 
a saturated solution of sulphate of copper, and an excess of the 
crystals is kept in the solution. The porous pot is filled with dilute 
sulphuric acid (1 to 5 of water). Connections are taken from the 
copper and zinc cylinders. The positive pole of the battery is the 
copper, the negative the zinc. To prevent local action the zinc 
cylinder is previously thoroughly amalgamated by first cleaning its 
surface with dilute sulphuric acid, and then rubbing metallic mercury 
well over its surface with a piece of cloth dipped in the acid. When 
in action the chemical changes in the battery are, solution of zinc and 
formation of ZnS04 at the zinc plate, and decomposition of the CUSO4, 
by the hydrogen appearing at the copper plate to form H2SO4 and 
metallic Cu, which latter is deposited on the copper surface. The 
E.M.F. (electromotive force) of the battery is 1*072 volts. 
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Orenet's Battery (fig. 2) is a, siagla fluid battery. It consista of 
an amalgamated zinc plate fixed between two carbon plates K, K. 
The zinc plate ia fixed above to a rod b, by means of which it can be 
lifted from the fluid. The two carbon platea are connected to the 
binding screw, e, which is therefore the positive pole ; the zinc i 




connected to d. The fluid is made by adding four parts of a 10 per 
cent, solution of potassium bichromate to one of sulphmric acid. In 
action the zinc ia dissolved, and the hydrogen aet free at the carbon 
platea is oxidised by the bichromate and thus removed. When 
freshly made the battery has an E.M.P. slightly above 2 volts, but 
rapidly falls until it reaches about 1'8 volts. 

A BnuBen Battery (fig. 3) consists of an outer earthenware pot in 
which is placed a zinc cylinder. Inside this is a porous pot carrying 
a square block of carbon, c. The wire connections are made to the 
carbon, the positive pole, and to the zinc, the negative pole. The 
porous pot is filled with strong nitric acid, and the fluid surrounding 
the amalgamated zinc is dilute sulphuric acid (1 to 7). The SO, 
appearing at the zinc plate when the battery is in action dissolves 
the zinc to form ZnSO<, and the H^ appearing simultaneously at the 



carbon pole is oxidiBed into H2O 1: 
of the battery is 1-9 volts. 



the nitric acid. The E.M.F. 




>. BaTTEUY (ilLliL 
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5) consists of a glass jar containing a 
chloride into which an amalgamated _ 



The Grove Battery (fig 4) is similar to the Bunaen hattery, but 
the carbon is replaced by a sheet of platiniun Its E.M.F. is 1'96 
volts. 

The Leolancbe Battery (1 
saturated solution of a 
zinc rod dips. This forms the 
negative terminal. The positive 
consists of a carbon plate fitted 
into a porous pot packed with 
small pieces of carbon mixed 
with manganese dioxide. The 
porous pot is then filled up with 
the ammoniam chloride solu 
tion. Its E.M.F. when freshh 
prepared ia 148 volta It has 
the disadvantage that it tends 
to polarise rather qmcklj and 
is therefore only used when a 
current ia required for abort periods of time. It is very convenient, 
as it does ntt fume ; there are no acids to be spilt, and it does uq^ ] 
jquire much attention. 
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very great convenience in that they 
give off fumes, and contain no fluid 
spilt. One of the most satis- 
factory of these is the Obach dry 
battery, manufactured hy Siemens. 
+ In principle, they are usually modified 
Leelartch^ cells. 



THE INDUOTIOM' COH. 



The form of induction coil naually 
employed by physioIogistB is Dn fiois- 
Reymond's sledge inductorium (fig. 6). 
It consists of a coil, a, of fairly stout 
insulated copper wire wound on a 
wooden reel in the centre of whieli is 
acoreofsoftiron wires, r. Thenumber 
of turns of wire in this, thePRIMAHY 
COIL, varies in different instruments 
from 300 to 500 or more. The ends of 
the wire of the primary coil are con- 
nected to the two binding screws / and )t. A second coil of much finer 
wire is wound round a large wooden bobbin, the whole forming the 
SECONDARY COIL, b. This is fixed to a wooden foot sliding in a 




grooved base, to, and the central eavityin the wooden bobbin is of snch 

a size that the secondary coil may be pushed home so as to completely 
cover the primary coil n. The terminations of the wire of the second- 
ary coil are connected to two binding screws, only one of which, n, 



can be seen in the figure. The number of turns of wire iu thiB coil is I 
5,000 or more. The turns of wire in each coil are carefully insulated 
from each other. 

The action of the coil depends upon the fact that if the streng^th 
of a current running along a wire be altered, an induce d current 
is set up in a second wire placed near to it. . 

The E.M.F. of the induced current depends upon several factors : I 

1. It is directly proportional to the intensity of the current change % 
in the first wire. I 

2. It ia directly proportional to the rate of change ot the inducing I 
current. I 

3. It is inversely proportional to the distance between the two 1 

4. It varies with the angle between the two wires, the maximum J 
effect being produced when the wires are parallel to each other, i 
and no effect when they are at right angles to each other. I 

5. The strength of the induced cturent may be increased by con- I 
oentrating the force of the magnetic field ; as, for instance, by placing I 
a coil of soft iron wires in the interior of the primary coil. I 

Some or all of these various factors are utUised in the production I 
of an induced current for physiological purposes ; but as the induced 1 
current produced by the induction of one wire upon one other is i 
very small, the induction coil forms a very convenient means by I 
which these weak induced shocks may be multiplied and added to ] 
one another. By taking a large number of turns of wire in each 
coil the effect ia greatly increased, because each turn ot fEe primary 
coil in duces a current in each of the turns of EBe secondary, and all j 
these small effects are added together to produce a single greatly 1 
increased effect. We have seen that an induced current is only I 
produced in the secondary coil during a change in the strength o f I 
the omrrent in the primary, so that it that change be effected j 
instantaneously, as in breaking the current, the induced current ia ' 
also instantaneous. The direction of the i ndiineil current is such as i 
to tend to oppose the new change, so that if a current be suddenly 
sent into the primary coil, round which it runs in the direction of the t 
handsof a watch, the induced current in the secondary coil passesalong ' 
its turns in the revers^lirection, i.e. against the direction of the hands 
of a watch. Conversely, on suddenly breaking the primary current, 
the induced current is in the same d irection as that in the primary. 

In a consideration of the action of the induction coil, there is a 
further point of some considerable importance, for just as the wires ■ 
of the primary can react upon the wires of the secondary coil, so can. I 
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each tarn of the primary induce currents in each nei ghbou ring turn 
of the coil. If we consider two neighbouring turns when the current 
is suddenly increased, the increase in the one wire will induce a 
"IJTT^r^ in the second, and this induced current will be in the reverse 
direction to that of the main current, and as the direction of the 
current in two neighbouring turns is the same it tends to diminish 
the amount of the increase in the second wire. As the duration of 
this induced current is very short its effect is soon exhausted, but not 
beforffHrSas produced the result that more time is required for the 
current to reach its full strength than would have been the case if the 
wire had been perfectly straight. On breaking the circuit the circuit 
of the primary is broken, so that no induction currents can be set up 
in the primary. The f aU in potential is therefore instantaneous. 
These effects are diagrammatically represented in fig. 7. In this 

figure. Hues written hori- 
MAffE BREAK zoutally indicate time, and 

vertical lines strength of 
current. At the instant a 
PR/MARY a current whose amount is 
represented by the vertical 
Une A c is suddenly thrown 
into the primary, but in- 
stead of instantly reaching 
its full intensity, when the 
course of events would be 
Fig. 7. represented by the Une a c, 

time is occupied before it 
attains its full strength. Thus the gradual rise of strength of the 
current is represented by the curved Une ab. At the instant g 
the current is broken, and there occurs an instantaneous fall in 
strength to zero, which is thus represented by the line f g. The 
inducjiion effect produced in the primary on making the circuit is 
spoken of as the m ake extra-current . The result of this upon the 
current induced in the secondary "coil is of very great importance. 
One of the chief factors varying the intensity of the induced current 
is thft r?^te at which the change is effected, and as the make takes an 
appreciable time while the break is instantaneous, it follows that the 
induced secondary current at make is of less E.M.F. than that at break, 
but lasts longer. This is indicated in the lower half of fig. 7. The 
line K R indicates zero current, and the curved line k l m the current 
induced in the secondary by the change of current a b in the primary. 
The intensity of the change at any instant is indicated by the vertical 
height of the curve for that instant, and is drawn below the line k m. 
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Fig. 8. — Arbangement of Apparatus 
FOR Equalising the Make and 
Break Shocks. 



l)ecause the current is in the reverse direction to that of a b. The line 
R p 8 indicates the current induced in the secondary by the sudden 
change f g in the primary : it is above the line k r because it is in 
the same direction as the inducing current, and is of greater height 
than that representing the current induced on make. Von Helmholtz 
showed how we might approximately equalise the two induced 
shocks by the introduction of a deriving circuit into that through 
the primary. Fig. 8 shows how to arrange the apparatus to demon- 
strate this. A battery is connected ^ 
to the two terminals of the primary j 
coil, and to these are two further oi^ 
wires connected to a key and 
forming the derived circuit. It is 
seen that there is always some 
<5urrent passing through the 
primary both when the key is 
open and closed. "When the key 
is closed the current from the 
battery on reaching the first terminal of the coil divides into two 
parts, one passing through the coil, the other through the deriving 
circuit. The amount of current passing through either circuit is 
inversely proportional to the total resistance in that circuit. If then 
the resistance of the deriving circuit be small in comparison with that 
of the coil, only a small proportion of the total current passes through 
the coil. On opening the key, the whole of the current is thrown 
through the coil^ and, as previously explained, an extra-c urrent ^ 
is produced which for a time delays the e stablishme nt of the 
c urren t to its full in tensity. On closing the key, there is a fall of 
current which produces an extra-current running in the s ame 
direction as that of the main current"; and as the circuit through tne 
i^til^cloflfid, this extra-current can act in delaying the fall 
of strength of the cun*OT!f The result is that the current induced in 
the secondary is considerably diminished and made approximately 
■equal to that of the make. These results are indicated in the diagrams 
of fig. 7. The current passing through the primary when the key of 
the derived circuit is closed is indicated by a d. On opening the key 
the current rises in value to a c, but its course is delayed and takes 
the course represented by the dotted line d e. If the key be opened 
at F, the fall in strength to the line d h is not instantaneous, but takes 
time and is represented by the curved line f h. The effects on the 
induced currents in the secondary circuit are represented by the 
interrupted lines k n o and r t v respectively. 

For very many purposes it is essential to have a rapid series at 
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induction shocks, which can of course be obtained by a rapid make and 
break of the circuit through the primary. To obtain this in an auto- 
matic way the induction coil is always fitted with an arrangement 
termed the NEEF'S HAMMEB. This is represented in fig. 6, and 
consists of a pillar d carrying a steel spring to which is attached an 
iron armature k. In the centre of this spring is a small platinum 
plate for making contact witb 
the platinum point of a screw 
adjustable in a brass plate con- 
nected to the binding screw /', 
and therefore with one terminal 
of the primary. Fised under k 
is a double electromagnet /, one 
end of the wire of which is con- 
nected to h, the second terminal 
of the primary coil, and the 
other end to a central pillar /, 
The mode of action is illustrated 
by fig. 9. A battery is connected 
by one pole to the pillar a and 
by the other to the pillar u, 
using a mercury key k. If the 
platinum point of the screw a, be in contact with the platinum plate 
on the upper surface of the spring \\ then on closing the key k the 
circuit is closed, and if we suppose the positive pole of the battery 
to be in connection with the pillar a the course of the current is from 
the battery to a, then along the spring v to the screw »|, thence 
^ through the primary coil to the electromagnet, and from this to the 

^m second pillar b, and so through the key k back to the battery. 
^M As soon as the circuit is thus closed the electromagnet acts upon 

^M the armature and pulls down the spring v, thereby separating the 
^M two platinum surfaces. The current is at once broken, and the electro- 
^M magnet therefore ceases to attract the armature, which is carried up 
^M by the spring v ; a new contact is thus made by the platinum surfaces, 
^M and the whole cycle of events is repeated. In this way the circuit 
^M through the primary is made aud broken automatically at a rate which 
^M depends solely upon the rate of oscillation of the steel spring v. At 
^1 each make and at each break of the circuit induced currents are pro- 
^B dnced in the secondary circuit, which, as previously explained, are of 
^1 very unequal intensities. 

H to{ 



Von Helmholtz showed how the Neef's hammer might be arrang 
to give shocks of about the same intensity. All that is necessaryia 



BucrroN COIL 

oormect the pillar d (fig. 6) with the binding screw / by a stout wire 
and screw up the ecrews s, and s^ {fig. 10) until s, is removed from 
contact with the spring v, and s, Ues just below it, but not touching it. 
Pig. 10 illustrates the action of the hammer with this aiTangement. 
The connections to the battery remain the same. On closing the key 
K the path of the cuirent is now from the battery to the piUar A, and 
from thisby the stout wire to the screw 8,, and thence to the primary 
coO p c. Prom the prunary coil it passes to the electromagnet e, thence 
to the pillar b, and so through 
the key k back to the batterj-. 
Inamediately the current is 
closed the electromagnet at- 
tracts the armature of the 
spring V, and as it pulls it down 
brings the platinum plate on its 
lower surface into contact with 
the platinum point of the screw 
Sj, the result of which is that 
the derived circuit from the 
pillar A through the spring v to 
the pillar b is closed. The 
current is now divided, and in- 
stead of all passing through the 
primary coil and electromagnet 
most travels through the derived 
circuit, because the resistance of this is much less than that of the coil 
and electromagnet. The current of the electromagnet becoming so 
much weaker is now unable to resist the upward pull of the spring v, 
which therefore recoils, and thus breaks its contact with the s 
The derived circuit is broken and the whole current again sent through 
the coil, the cycle is repeated, and so on continuously. 

Just as in the previously described case where a simple derived 
circuit was used to equahse the make and break shocks this arrange- 
ment attains the same end, and is to be used when it is necessary 
that the two shocks should be nearly equal. 

One of the great conveniences of the sledge inditctorimn is the 
ready manner in which the strength of the induced shock can be 
varied by simply altering the distance of the secondary coil from the 
primary. It must, however, be remembered that the strength of the 
induced current is by no means inversely proportional to the distance 
" the secondary coil from the primary, but that the strength of the 
induced current increaaes at a far greater rate than the diminution of 
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distance between tlie two coils. The valne of the induced cmrentl 
may be determined empirically b; ttae of the falvanometer. 
forms of coil are already graduated in this manner. 

Another plan which is at times adopted for varying the strengt 
of the induced cuiTent is to have the secondary coil so fitted that iH 
can be rotated and its long asis set at any angle to the axis of th( 
primary. The induced current, with a fixed alteration in the primary^ 
is then proportional to the cosine of the angle between the two axn 
of the coils. 



The MERCURY KEY.— This key is used for making and breaking 
a current by hand, and is constructed in various forms (see figs. 11 
and 12). J 

In fig. 11 there are two enps, c', c-, hollowed out in a vulcanite I 
base and with two binding screws, b' and b^, entering them from thM 





I 




side. The cups are nearly filled with mercury, and can be connected 
by means of the stout beut copper wire w w which hinges through a 
piece of vulcanite e. In fig. 12 
there is a single mercury cup into 
which a wire dips to make contact 
with the binding screw- 

The SPRING or CONTACT 

KEY (fig. 13) consists of a metal 

spring connected to a binding 

screw A. At its movable end there 

is a vulcanite knob n by which it can be depressed, and thus a platinum 

point on its lower surface brought into contact with a platinum plate 
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THE 1)U BOrS KEY 



Eia plate d, wMeh is connected by the strip of copper e to ttie 
iling screw b. When interposed in the courae of a circuit, 

the circuit will only be closed when c is depressed to lie i 
with T). 

DU BOIS-REYMONDS FEICTION KEY (figs. 14 and 15) ooasistB 

of two metal blocks a and u (fig. 14). each carrying two binding 
■crews, fixed on an insulating base. The two blocks can be connected 




by a metal cross-bar c, which thus closes the key. This key is of very 
great service, and is employed in two ways indicated in the two ac- 
companying figures (16 and 17), where it is represented as being used 
in the secondary circuit of an inductorium. In fig, 16 is shown the 



I 





arrangement in which it is nsed as a short-circuiting key. The two 
terminals of the secondary coil are connected by wires to two of the 
binding screws on the blocks, one to each block, and to the remaining 
two binding screws are connected the wires of a pair of electrodes, e. 
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lying under a nerve or other structnre to be stimnlated. When 
key K is open any current in the secondary coil can travel througk 
the electrodes, If the key be closed, a current in the coil divides when 
it reaches the key, passing either throug;h the key or to one electrode, 
thence through the nerve to the other electrode, and so back to the 
key. As the resistance of the key is very low compared to the high 
resistance of the piece of nerve, practically the whole of the current 
passes that way, or. in other words, the secondary coil is short-cir- 
onited. A Du fiois key is always to be used ia this manner when in 
a secondary circuit. The secoud method of using the key is shown in 
£g. 17, where it is used as a simple key. The electrode wires e^ are 
represented connected to one terminal of the coil and to one block of 
the key k, . The other terminal of the coil is connected to the second 
block of the key. When the key is closed any correat in the coil can 
pass through the electrodes, but when the key is opened the secondary 
circuit is broken. The key can be used after this plan for making 
and breaking any battery circuit, but should not be thus employed in 
a secondary circuit. 

POHL'S COMMUTATOR (fig. 18) consists of a wooden or vulcanite 
base in which are six mercury cups, to each of which a binding screw 
is connected. A rocker made of a vulcanite axis h, to which two 
curved wires k and two ver- 
tical ones L are joined so that 
the vertical and curved wires 
of the same side are connected 
together, is so arranged that 
the two straight wires are 
supported in the cups a and 
IS, and the curved wire may 
be made to dip into either 
pair of the four remaining 
cups. Two cross wires are 
also provided which connect 
c to F and d to e. Supposing now that the positive pole of a battery 
is connected with a and the negative with ii, and the key is turned over 
so that the curved wires k dip into the cups c and d, and if c and 
D are connected by wires to any circuit, then the current enters at a, 
passes up L along k to c, thence through the circuit to n, and so to 
II and back to the battery. If now the rocker be turned over so as to 
rest in the cups e and f, as shown in the figure, then the current 
enters at a, passes to k, thence by one cross wire to n, through the 
external circuit to c, by the second cross wire to f, and so back to b. 
In the first position of the rocker the current in the external circuit 




A CUT-OUT KEY 13 

was from c to d, in the second position from d to c, Le. by moving 
the rocker the direction of the current in the external put of the 
circuit has been reversed. 

This key can also be used in a second way by removing the cross- 
wires, when two circuits can be closed by it, either from c to d or from 
E to F. Suppose, for instance, that the two ends of a muscle were 
connected by wires to b and F, and the wires of a pair of electrodes 
upon which the nerve is lying to c and D, then if the key be in the 
position of the figure a current entering at a and leaving at b is sent 
through the muscle, whilst if the rocker be rotated into the cups C and 
D the current through the muscle is broken, and instead is sent through 
the nerve. For the mode of connecting the key for such a purpose, 
see fig. 80, p. 96. 



This oonBiatB (fig. 19) of two spring ifeya, one between p' and p', closed when 
the spring b is brought into contact with the metal piece d, and the other one 
between s' and 3°. The contact is made in each case between two platinum 
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mufaces one under b and the other projecting 

) from D and similarly m the other key. 

These ke\s are closed automatically by two 

ralcaoite sectors v and v' which are carried 

m an axis which can be rotated by hand or 

In* en b> a running cord round the coned 

pulley These sectors can be rotated into any 

posititn on the horizontal axis and clamped by 

screws Fit up the key p p to make and 

break a current through the pnmary and S s' so that it short circuits 

jndary when it is closed Thus the two termmals of the secondary 




) connected 



and the other to s and the two electrode w 
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are connected to the same binding screws. If now the pulley be rotated 
in the direction of the hands of a watch, and the sectors are in the position 
drawn in the figure, the sequence of events is : — ^i. the spring a is brought 
into contact with c, and therefore the secondary coil is short-circuited; 
ii. the spring b is brought into contact with d, thus closing the primary ; a 
make shock is therefore induced in the secondary, which is, however, short- 
circuited because the spring a is still depressed ; iii. the sector v^ glides off 
the sprmg a, which flies up, aud the secondary coil is no longer short- 
circuited ; iv. the sector v* leaves the spring b, which flies up and breaks the 
primary circuit, and the break shock now passes to the electrodes and through 
a nerve or muscle laid upon them. By fixing the sector v^ a little in advance 
of vS only make shocks would be sent through the electrodes. When a more 
rapid series of stimuli is required, two notched wheels are provided to replace 
the sectors ; these close and open the keys six times in each revolution, and 
one, as with the sectors, may be set a little in advance of the other, and so 
either make or break shocks sent through the electrodes as desired. 
V - Fit up the key as directed, and placing the electrodes upon the tongue, 
rotate the key, and show that the one or other shock can be cut out as 
required. 

Experiment 1. — Show that the break sbook is grreater tban tbe make 
■book in the following way. Connect the primary coil with a battery and 
mercury or spring key as in fig. 20. To the secondary coil attach a pair of 
wires, and remove the coil to some distance from the primary. Hold the two 
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s.c. 





Fig. 20. — Arrangement op Apparatus for Making Use of 

Single Induced Shocks. 



iree ends of the wires on the tip of the tongue, and make and break the primary 
circuit by opening and closing the mercury key. At first nothing is felt. Now 
gradually move up the secondary coil, testing each new position by opening 
and closing the key in the primary circuit. At last a position wiU be found at 
which a shock is perceived at break and none at make. Make a note of the posi- 
tion of the secondary coil with respect to the fixed scale. Move up the secon- 
dary still further, noting that the break shock becomes progressively stronger, 
and at last a position is reached at which a shock is felt on making the current. 
This position is to be noted and contrasted with that previously observed for 

the break shock. The experiment also 
clearly shows how convenient the 
coil is for modifying the strength of 
stimulus to any required degree. 

Experiment 2. — To demonstrate 
the break extra-ourrent arrange the 
apparatus as in fig. 21, applying the 
electrodes e to the tongue. First close 
the key k^ ; on now closing the key k.^ 
the current is short-circuited, and 
none passes through the tongue ; on opening K^ all the current passes through 




Fig. 21. — Arrangement of Apparatus to 
Show the Break Extra-current. 
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the tongue. Neither on opening nor closing the key k^ is any distinct shock 
felt unless the battery is very strong. Now open the key k^ and again open 
and close e^. Each time the key k^ is opened the current is sent through the 
tongue, and the resistance being very high there is a sudden fall in strength 
of the current. On opening a distinct shock is felt. This is due to the 
extra-current brought about by the sudden fall in strength, inducing currents 
in the turns of wire of the primary coil p c. 
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FITH A FROG. —Pass your nail alon^ the back of a frog's skuU 
until the groove between the skull and the first vertebra is felt, and 
then insert the point of a fine scalpel between these two, and so divide 
the central nervous system transversely at about the level of the 
medulla. Now insert a blunt-pointed seeker into this aperture and 
pass it forward into the skuU cavity, so as to destroy the brain, and 
then downwards into the vertebral canal, and thus destroy the spinal 
cord. 

MAKE A NERVE MUSCLE PREPARATION,— The simplest and 
one of the most convenient mnacles to isolate for experiments is the 
gastrocnemius. Its anatomical relations are shown in figs. 2S and 23. 
To prepare it together with its nerve, pith a frog, and cutting through 
the spinal column one vertebra above the sacrum, remove all the 
soft parts in front down to the pubis, including the viscera, taking 
care not to injure the branches of the sciatic plexus lying on the pos- 
terior wait of the abdominal cavity. If the sacrum be now firmly held, 
the skin over the back of the iliac bones can be drawn down, and the 
whole of it drawn off the two legs, thus laying bare the muscles of the 
thigh and leg. The tendo Achillis is cut across below the ankle-joint, 
and with its sesamoid botie dissected free up to the belly of the 
^^ ' gastrocnemius, which is then isolated from the tibia and fibula right 
^L up to its insertion into the femur. The head of the tibia is then cut 

^H through just below the knee-joint. Next proceed to isolate the sciatic, 

^H which will be found lying between the biceps, k, fig. 23, and semi- 

^H membranosna, mh, on the posterior surface of the thigh. Carefully 

^B separate these muscles, and follow up the nerve to the pelvis, cutting 

H[ through its branches as they are laid bare. The nerve should not be 

^H touched with metal iustrnments, and in its separation should not be 

^H allowed to be covered with blood &om the vessels which accompany 

^H it. Next cut through the muscles attached to the urostyle, and divide 



THE GASTROCNEMIUS PREPARATION 

the vertebrEB in the mid line into two symmetrical halves. Lift up 
the muscles which have been cut from the urostyle, and turn them 
outwards, so as to expose the sciatic, which can then be completely 
isolated up to its three constituent cords, and so to the vertebra. Cut 
through the joint between the vertebra and the ilium, and the vertebra 
can then be picked up, and by this means the nerve lifted and its 
isolation completed down to the lower end of the femur, where it 
divides into two branches. It is then laid on the gastrocnemius while 
the muscles are separated from the femur, the triceps from the outer 
side, andthe adductors &om the inner. The femur is then cut through at 
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about its upper third and the preparation is complete. Fig. 24 is a 
drawing of such a nerve-muscle preparation, where f is the femur and 
K the knee-joint ; a is the gastrocnemius and t the tendo Achillis with 
its sesamoid bone s. The nerve n still remains attached to a piece of 
the vertebral column \, which serves as a convenient means of 
handling the nerve. At n, is the branch of the nerve to the gastro- 
cnemius. The femur can be clamped in the muscle forceps, and thus a 
rigid support is given to its upper end. A fine thread is tied round 
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the tendon, or this is pierced by a bent pin, and thus the lower eod j 
attached to the lever of a myograph (see fig 31, p. 25). 

If a crank lever is to be used it is not neoessary to thoroughly | 
isolate the femur, but its lower end can be directly fixed to the cork 
plate of the myograph by a needle which is passed through the boae. 
In many cases, too, it is not 
necessary to completely iso- 
late the nerve up to the 
vertebrEB. 

DIBECT AND INDIRECT 
EXCITATION OF MUSCLE. 
A muscle may be made to 
contract by a stimulus applied 
to the muscle mass itself, 
when the excitation is termed 
direct, or it may be caused to 
contract by a stimulus applied 
to its nerve, which stimalus 
then travels down to the 
muscle. This is imUrcct ex- 
citation. Test this by apply- 
ing the electrodes first to the nerve and then to the muscle, and 
sending an induced current through the electrodes. 

THE MOIST CHAMBER 
In all instances in which we are experimenting upon an excised 
muscle and nerve, it is of the greatest importance that they should be 
protected from drying;. To secure this it is necessary either to im- 
merse them in some fluid which exerts no harmful effect upon them, 
such as defibrinated ox-blood, or to place them in an enclosed air- 
chamber in which the air is kept moist. This latter is termed a Dioisl 
chamber, and is of different form according to the myograph employed. 
It consists of a glass cover to the myograph, in which is an aperture 
through which a thread may pass to connect the muscle to the record- 
ing lever. The air in the chamber is kept moist by placing in it a 
few pieces of blotting-paper wetted with normal saline solution, 

Experiment I. — Utilise this nerve-muBcle preparation to prove that the 
break aboek U atronKer tbon tbe make aback. ArrEinge the apparatus in 
the same way as in ExperiniEnt 1, p. 14 (aae &g. 20), placing the nerve upon 
the pair of electrodee. GraduaUy decrease the distance betwees the two coils 
as in that experiment, and make notes of the positions of the secondary coil 
when a twitch occurs — (1) at breuk of the priinary circuit, (2) at make. 

ExpETitnenl 2, — By using the arrangement previously (iesoribed and 
Ehowm in Gg. 8, p. T, show that, by the introdnction of a deriving oircoit of 



THE EXTKA-CURRENTS 



19 



low resistance in parallel with the primary coil, the induced shocks are 
rendered of nearly equal value. Test this on the nerve-muscle preparation. 
On varying the position of the secondary coil as in the preceding experiment, it 
will now be found that the strength of the break shock has become nearly 
equal to that of the make shock, which has also been somewhat reduced. 

Thus in one experiment it was found that the farthest position of 
the secondary coil from the primary at which a break shock caused 
a twitch of the muscle was 26i cm. A make shock was first effective 
when the coil was brought up to 10^ cm. With the deriving circuit 
of low resistance as in experiment 2 the break shocks first produced 
a twitch when the coil stood at 10 cm., and the make shock was 
effective when the coil stood at 9J cm. 

Expervment 3. — Demonstrate upon the nerve-muscle preparation the 
existence of the break extra-ourrent, arranging the apparatus as in Experi- 
ment 2, p. 14 (fig. 21). 

Experiment 4. — Demonstrate the make extra-ourrent, arranging the 
apparatus as in fig. 25. A current is sent through the primary coil and elec- 
trodes arranged in parallel and with a Du Bois key k* interposed so that both 
may be short-circuited. Interpose a ^ 

friction key k^ and a resistance-box B 
in the main circuit. Also place a key 
K^ in the electrode circuit. The cur- 
rent on reaching the key k- divides, 
^md as the resistance of the piece of 
nerve across the electrodes is very 
high) most passes through the primary 
coil, which therefore acts as a deriving 
circuit. Close the key k* and open 
k'^, and now interpose enough resist- 
ance at B until opening and closing k^ 
gives no contraction of the muscle. Next, with k* and k' closed, open and 
close K^. Each time k^ is opened the muscle contracts, stimulated by the 
make extra-current in the primary coil, for the strength of constant ciurent 
at the same time sent through the nerve has, by increasing the resistance r, 
been reduced until it no longer was able to stimulate on make. On closing 
the key k'^ the currents through both primary and nerve are short-circuited, a 
break extra-current is produced in the primary, which, however, is short- 
circuited by the key k'^. The break of the current through the nerve is not 
sufficient to stimulate, and the muscle does not contract. 

If the key k- be kept open and k^ closed and opened, a contraction occurs 
both at make and break. This arrangement thus demonstrates both make 
and break extra-currents. 
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Fig. 25. — Arrangement of Apparatus 
FOR Showing Make Extra-current. 



MAKE A GRAOIIjIS AND SEMIMEMBRAN'OSUS 

PREPARATION 

First study the relations of these muscles as given in figs. 22 and 23. 
Pith a firog and dissect away the skin from the thigh, carefully cutting 
through the fibres of the reptus internus minor, which are inserted into the 
skin on the adductor surface of the thigh. The muscles can then be readily 
made out on the inner side of the thigh separated firom one another by the 
rectus internus minor. The gracilis, or rectus internus major, a, is to be seen 
from the front of the thigh, being in relation on its outer edge witVv ^Vv^^ 
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adductor bre%'ie, adductor magnus luid sartoriue, h. The semimemfaranosiu 
3111, is Been on the posterior Burface with ita outer border in relation with thi 
pyriformis above and the biceps, b, below. Both muscles arise above tioi 
tba symphysis pubis, and below are inserted by tendinons aponeuTaseH h 
the tibio-fibula. Cut through the aponeurosis at the outer border of ei 
muscle, Bai then separats each from the subjacent muscles, viz, 
adductors and semitendinoHus. Isolate the muBcles right down to their low«l 
insertion and cut through the tibio-fibula just below this, and ChM 
divide the femur a little above the knee-joint. By holdingthe pieoeof bow 
thus isolated the two muscles can now be easily eeporated right up to tl 
Bympbysis. The semitendinosus usually tends to separate with them, ai 
may be removed later by cutting through ita lower attachment', then disseotJ 
ing it away from the gracilis, or finally dividing its two beads of attachmec' 
to the pelvis. The other muscles attached to the symphysis are now 
through, and the head of the femur disarticulated from the aeetabulimi. 
many cases it is convenient to make a second preparation in a simi 
manner iraia the opposite leg ; but if this be not required, the whole leg n: 
be removed, disarticulating at the acetabulum. The great advantage of t 
preparation is that we have a mass of muscle in which the fibres are veryfl 
nearly straight, and are of a good length. With a doable preparation th*^ 
mnseles can hang side by aide, and bo the tranverse section is doubled. Thtff 
upper end can be conveniently fixed by passing a strong needle through thaj 
acetabula. With the two preparations dissected out they can also be hung on*« 
below the other, being united by a piece of the symphysis, and thus a muacle J 
of double length is obtained. 



HAKE A HY0GL08SU8 




PREPARATION— One of the ampleflt I 
and most convenient muscle prepara- I 
tiona that can be obtained from a frog- I 
is the hyoglossns muscle. Fig. 2B J 
shows the general conrse and arrange- I 
ment of the muscle. It is attached to T 
the anterior edge of the body of the ■ 
hyoid cartilage, and from this the- 
fihrea run forwards to meet in the 
midline with the muscle of the oppo- 
site side. The two then rnn forward 
as two bands to the apex of the lower 
jaw, and thence into the Bubatance of 
the tongne. In the tongue the fibres 
run towards the tip and the muscle 
gradually ends by becoming inserted 
into the submucous connective tissue 
of that organ. It is supplied by the 
hypoglossal nerve (h. fig. 26). To 
utilise the muscle when we wish to 
stimulate directly, all that is necessary 
is to lift up the lower jaw and cut 
two jaws on either side, extending the in- 
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cisionB down to the Bhonlder girdle. The lower jaw is then pulled 
slightly forwards, and by a single transverse incision at the upper edge 
of the shoulder girdle the whole of it is removed. It is now placed 
mucoaa surface upwards, the tip of the tongue lifted up and either 
"transfixed with a hook, or a fine thread is tied round it, The tongue 
is then turned forwards and extended out of the mouth. The body 
of the hyoid cartilage now stands out clearly, and this may be 
transfixed by a pin, and in that way fixed to the cork of a myograph, 
or the carti^ge may be directly clamped in a muscle forceps. The 
thread or hook may then be attached to the writing lever. The great 
advantage of the preparation is that the muscles are composed of long 
fibres strictly parallel to one another, which are completely protected 
from any injury during the preparation, because the muscle itself is 
not exposed, Remaining in situ the whole time, they are protected 
from drying by the mucous membrane of the tongne and mouth, and 
on the ventral side by the skin of the jaw. 

If we wish to stimulate indirectly, the two hypoglossal nerves 
can be easily isolated and laid upon electrodes. The only disadvantage 
lies in the small size of the muscle, but the many advantages which it 
possesses give, in the greater number of experiments, full compensation 
for that disadvantage. 

THE GRAPHIO METHOD 
Most of the movements carried out by the different parts of the 
body, and which it ia our object to study, are performed at so rapid a 
rate that the unaided eye is only able to give us a judgment of the 
broad outlines of the movement. By it alone we are quite unable to 
gain any accurate knowledge of the details of a particular movement. 
For instance, if we expose the heart of a recently killed frog, a 
"watoh it beating, it is difficult to be certain that the auricular ht 

s the ventricular, and in many cases it is quite impossible to 

I determine with any certainty whether the contraction be carried out 
a,t a faster or slower rate than the dilatation, or, if there be a difference, 

' to determine the amount of that difference. Still more is the difficulty 
perceived it we turn our attention to a more rapid movement, such as 
a single twitch of a fi-og's muscle, where the whole cycle of movement 
is so rapid that we are quite unable to accurately judge of its amount, 
or of any variation in the rate of its contraction or relasation. We i 
require, then, some means of obtaining a permanent record of each 
movement which we may afterwards study at our leisure ; and this 
means is afforded us by what ia termed the graphic method, the 
general principle of which is that the part in movement is made to 
record its movement by writing it upon a surface. Thus if we wva.li. 
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to record the amount of contraction of ib frog's muscle we may f 
one end to some rigid support aud to the free end attach some formi 
of writing- point, which Is made to record its movement upon a piece, j 
of paper so placed that the point, during its movement, is always in J 
contact with the paper. Where the amount of movement to beJ 
recorded ia small, it is readily magnified by some form of lever suohfl 
as one of those represented in figs. 31 and 37. We in this way obtai 
a straight or curved line which gives us at once a permanent record 
of the amount of movement perfoi-med, or of some multiple of it. 
still have one important point to determine in the consideration of any{ 
movement, viz. the time occupied. Thomas Young was the first t(ri 
show how we might obtain measurements of time with very consider 
able accuracy. He pointed out that if a surface be moved in a giveofl 
direction at a constant rate, lines measured parallel to the du'ectioo! 
of motion indicated time, and that to determine the value of those 
lines all that was necessary was to fix a very light style or marker ti 
a vibrating rod, held so that the style was in contact with the moving'! 
surface and its movements at right angles to the direction of motion'! 
of the surface. It the time of oscillation of the rod be known, the ratei I 
of movement of the surface is directly determined. This time measure- I 
ment was perfected by Duhamel by employing a tuning-fork to o 
prong of which a. light wi'iting-point is fixed. The rate of vibration.^ 
of the tuning-fork can be determined with verj- great accuracy, and J 
hence the rate of movement of the surface can be determined with the] 
same accuracy. The recording surface, which is most convenient a: 
which is usually employed, consists of a smooth and highly glazed, 
surface of paper, which is covered with a thin deposit of carbon^-H 
obtained by holding it in a smoky flame of burning gas, camphor^B 
turpentine, or some other substance. The writing-point is made of'| 
metal, glass, or moderately stiff paper cut to a sharp point, which ii 



a. 27.— Two Hecobdb i 

TUe Bl-TE OF 10 PKB Ii 

3 SinirACE \r\B Movi 



The TiiictSQ 



then made to scratch the smoked surface, and so rem 
block deposit and bring the white sm-face of the paper into 
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shape of surface which is moat generally useful is that of a cylinder 
which can be aet rotating about its long axis by clockwork or some 
other means. In fig, 27 are reproduced two tracings taken by a tuning- 
fork, which vibrated at the rate of ten per second, the cylinder being 
made to rotate at two different rates. The distance between the 
summit ot one curve and that of the next curve represents the space 
travelled over by the surface in -^^ second. This distance in the 
tracing ah is 285 cm., or in one second the surface travelled 28*5 cm. 
In the lower tracing the rate is found to be 4*8 cm. per second, if we 
measure the distance between one summit and the tenth following. 

The recording of time by means of a tuning-fork possesses the dis- 
adrant^e that the vibrationH Hoon cease, especially if the rate of vibration ba 
rapid. To obviate this, a method commonly employed is to record by means 
of a chronograph (Gg. 28), actuated by anelectrical current made and broken 
le definite known rate by a special piece of apparatus. The chronograph 
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(fig. 28) consiets of a Hmall electromagnet and a movable armature, to which 
is attached a writing-point. Each time the current is closed the armature is 
attracted and the writing-point moves downwards. The rate of vibration of 
the writing-point thus depends upon the rate of make and break of the current 
employed. The current may be automatically closed in a regular manner in 
several ways. Where the rate required is slow a pendulum clock ia very 
frequently used ; when a more rapid rate ia required, a tuning-fork, to one 
prong of which a platinum wire is attached, bo that with each vibration the 
■ -e completes a circuit either by touching a platinum surface or by dipping 
o mercury. The tuning-fork is kept vibrating indefinitely by means of an 
electromagnet. 

A very convenient time-marker is shown in fig. 29. It oonsietB of a stiff 
steel band 6 firmly clamped at one end by the metal cross-bar c. Attached 
to it is a heavy weight w, by altering the position of which we are able to 
modify, to a certain extent, the rate of oscillation. The oscillation of the 
spring is communicated to the vertical bar b, and thus to a lever b e, to which 
a writing lever l is attached. The writing lever l makes an angle with sb, so 
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to the tiansverEe mark a the rate becomes four per second, and when at lyJ 

eieht per second. As the weight is heavy, when once the spring is started T 

vibratmg it keeps on for a sufficient length of time for most experiments. 1 

In a recording cylinder such great differences of speed are required for I 
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friction wheel, by means of clockwork or a running cord, which can be thruwi 
into contact with a second wheel on the axis of the drum (see fig. HI). Fo 
slow rates the most BatiBfactory method ia to rotate the drum by meanE of a 
tangent screw. The drum represented in fig. 30 cambinea these two, so that 
one or the other plan can be med by simply changing the position of a 
lever H. The figure represents the base of the drum onlj, the cylinder and 
upper fittings being the same as those seen in fig. 37. The axis of the drum 
rests on the eteel point of a short vertical rod round which a liraea disc » 
rotates in a collar. On the disc is a little upright b which is placed in 
contact with a bar f screwed into the drum-spindle a. f and b are kept in 
contact by a brass spring, so that the drum is rotated by the brass disc. The 
coned pulley C is driven by a rimning cord, and on the same axis is a smaller 
coned pulley k and a brass ring r covered with rubber. When b is brought 
into contact with the edge of the diic n the latter is set in movement, and 
thus gives a rapid movement to the drum. The coned pulley k by an endless 
cord drives a second pulley a on a second axis, the end of which is a screw. 
The screw fits into a toothed projection on the rim of the wheel d, so that when 
s and D arc in contact, as in the figure, the rotation of a gives a slow move- 

t to the disc s. These two axes are fixed on a base pivoting about a 
point hidden in the drawing by pulley u. When the handle H is carried over 
to the left, the rubber disc r comes into contact with the disc d, and the screw 

removed. When, on the other hand, the handle h is to the right, r is 
removed and s brought into contact with the disc. 

Ab a general rule, the various movementB we have to record are 
itnall in extent, and it therefore becomes neceBsary to magnify them 
at the time we record them, This ia usually effected by employing 
some form of lever, the extremity of which ia made of a writing-point, 
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tion then variea inversely as the distance of the point of attachment 
from the axis. Fi^. 31 represents such a SIMPLE LEVXS l, whicK 

is represented as arranged for recording the movement of a muscle & 
whose upper end is held firmly in the MUSCLE FORCEPS v. 
recording' levers should be made as light as possible, consistent n 
snf&oient rigidity to prevent distortion of the record by vibrations set 
np in the lever itself. The question of lightness is of the greatest 
importance when rapid movements are to be recorded. 

Another form of lever which is also very commonly employed is 
the CRANE LEVER. This consists of a lever with two arms fixed at 
right angles to each other. It is represented in fig. 37, p. 31, ai 
being used for recording a simple twitch of a muscle. One of the two! 
arms is long, and when used is fixed horizontally. This is the writii 
lever, The other is fixed vertically, is much shorter, and is the leven 
to which the muscle is attached. The muscle in this imtance liei 
horizontally, so that with a crank lever the movement of the writi 
point is at right angles to the direction of the movement recorded. 

When we wish to excite a muBde electrically it is necessary to haves 
pair of electrodes bv which the shock may be earried to the muaole or neryr 
' ■ ' "' " mis of these which can be employo^ 

A. simple form, readily niade, s 
shown in fig. 33. Two very thj 
and flesible copper wires, ' ' 

covered with silk are ta 
twisted together at D ai 
small cork c is taken trans&xed hi 
a pin p and two shallow cuts n 
in it. The wires are then forced 
into the outa. ob seen in the figure 
This holds the wires firmly. Ne( 
the ends of the wires a drop ( 
melted sealing-was w ia fixed, i 
as to hold the wires parallel to dim 
another and about 1 mi 
beyond the wax, and these projectin 
pieces bared by auruping off the eilk insulation. In many cases it ia fM 
further advantage to imbed the uncovered points in wax, and only exposal 
the wires for about 1 mm., and on one surface only. This tends to preveHt^ 
escape of the current to surrounding parts. 




MINIMAL AMD MAXIMAL EXOITATIOIT 

If the strength of the excitation be varied, it is found that the^ 
response of the muscle varies in amount. This should be studied ia. J 
the following way. 

Experiment 5. —Cover and blacken a drum. Dissect out a muscle w 
attach it either to a simple-lever or to a crank-lever myograph. Fit up t 
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ssciting apparatus witb a contact key in the primary and a Du Boia key 
in tiie aecoiidary. The muficle may he stimulated either directly or 
indirectly. Amtnjte the elaclrodea accordingly. Eeraove the secondary coil 
to' some distance from the primary. Bring the writing-point to the drum 
suriaoe, and while the latter is at rest close and open the key in the primary. 
No contraction results either on wake or on break. If one occur move th 
Becondary further from the primary. Gradually move the secondary up t 
the primary, when a. position will he found at which a slight twitch will 
occur at break. This is recorded as a vertical line on the drum. Now turn 
the drurn by hand through about '5 cm. Move up the secondary coil 1 c; 
and stimulate as before. Eepeat gradnaUy, increasing the atrength of the 
stimulus and moving the drum after each contraction has been recorded. 
[ At a certain position the make shook will be found to cause a contraction a 
well as the break. After a time it will be found that a further increase o 
the strength of the stimulus does not lead to an increase in the height of the 



Fig, 33 records an experiment carried out in this way. It was 
obtained from a gastrocnemius witli indirect stimulation, and a 
magnification of 5. The first indication of a contraction was on break 
with the secondary coil at 17 cm. of the scale. This strength o 
stimulus is called the MINIMAL STIMULUS, and the contraction i 
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also termed minimal ; any strength of stimulus lower than that was 
for this muscle sub-minimal. As the stimulus was increased it is seen 
that the contractions on break increased at first rapidly, and then more 
slowly, but that beyond 9 era. the height did not increase. The 
stimnlns at d cm. was therefore a MAXIMAL STIMULUS. All 
strengths of stimulus below this were SUB-MAXIMAL. A con- 
traction on make was first obtained when the secondary coil stood 
at 13 cm., and this rapidly increased in amount till it reached a mazi- 
mnm at 9 cm. 
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The tracing also shows one other point of some importance, 
to be noticed that the heights of the break contraetions do not ahoi 
a perfectly uniform gradation, but offer some irreg:ularities. This i 
due mainly to irregulariticB in the strength of the stimulus, for thi 
induced shock at break is in reality compound, and caused mainly bfl 
the break of the current, and also by the break extra-current which 
sparks across in quite an irregular manner at the instant the break is 
effected. 
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UNIPOLAB ESCITATIOM" 

—Set up the coil to give single shocks, and at firat c 
the secondary coil. Excise a nerve muscle prepaxeitu 
and placing it upon a dry glass plate put the single wire from tlie eeoondal 
coil under the nerve. On opening or closing no contraction oecora. Nail 
insert a second wire in the remaining terminal of the secondary eoiJ anS 
attach its other end to a gas pipe and so to the earth. A contraction wiU now 
occur both on opening or closing the primary circuit. 

Thus it is seen that, in the latter case, the amount of current 
which passes through the earth ajid the glass plate is sufficient to 
stimulate the nerve. It is in order to avoid excitation in this way 
that the Du Bois key is used ae a short- circuiting key in the secondary 
circuit. 



RECOBDING MOVEMENTS BY MEANS OF TAMB0UR91 

In recording movements of different parts of the body, it is oftw 
necessary to be able to transmit that movement to some little distano* 
because the part cannot be conveniently brought sufficiently near i 




^M the recording surface to be able to write its movements directly upon 

^H the surface. When this is the case, one of the most convenient 

^1 methods is to employ a pair of tambours, one of which ia termed the 

^H receiving tambour and the other the recording tambour. 
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into the interior of eacb, and the two tambours are through these connected 
by a piece of rabber tubing. When thus connected a pushing-in of the 
membrane of the receiving tambour cauHes a corresponding rise of the 
membrane of the recording tambour, and to the same extent if the two 
tambours are of the same si^e. The form of the receiving tambour varies 
according to the purpose for which it is intended. The form of the recording 
tambour ie shown in hg. 34. The flat metal box, provided with a side tubular 
/, is represented at a. This ia covered above b; the rubber membrane b, to 
the centre of which is attached a metal disc c with a vertical jointed rod 
which moves the recording lever d. The amount of magnification maj^ be 
varied b^ altering the position of the jointed rod with respect to the axis of 
the writing lever. 

Another form of tambour is represented in fig. 85. It consists of an 
oblong vtdcanite base on whose upper surface is a shallow circular cavity into 
which the metal tube T opens. This is covered with thin rubber membrane, 
which is attached to the vulcanite with a little Canada balsam. The upper 
surface of the rubber is covered by a brass plate p with a central circular 
aperture through which the rubber a is seen. The movements of the mem- 
brane are transmitted by the cori c to the writing lever l. The axis of this 
lever is held on a rod, which cbji be clamped in any position by the screw r, 
and adjusted to any height by a vertical rod passing through the vulcanite 
base and fixed by the screw a'. The advantages of this form are that the 




Fio. 35. — A Skcond Form of Hecobdino Tambouh. 



rubber membrane is very quickly replaced, and is easily made air-tight. The 
metal plate p is held on by two stout rubber bands, b' and b", and by changing 
this for one with a larger or smaller central aperture the sensitiveness of the 
tambour can be at once decreased or increased. 
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CHAPTER III 

A SINGLE CONTRACTION OF A FROG's MUSCLE. ITS MODIFICATION 
UNDER CHANGES IN THE EXTERNAL CONDITIONS 

If a single stimulus of very short duration be applied to a muscle 
or its nerve, the muscle responds by giving a contraction of very short 
duration. This is termed a simple twitch, and is to be studied as in 
the following experiment. 

Exjperiment 1. — Record a simple twitch of a muscle setting up the 
apparatus in the following way (see fig. 37). Connect one terminal of a 
battery b to one terminal of the primary coil p c, and the second terminal of 
this to the mercury key k, and thence to the special break key k^, from the 
second terminal of which a wire is connected to the battery. The details of 
construction of the break key are shown in fig. 36. A brass pillar d rotates 

about a vertical axis upon two bearings, 
and to it is fixed a bent brass rod a. 
To the metal bearings of d a binding 
screw B^ is connected, and this is fixed 
in an insulating base of vulcanite. A 
brass tongue b slightly curved upwards 
at its free end, is also fixed to the vul- 
canite base, and is connected to the 
second binding screw b^. The free 
extremity of b is slightly notched to 
receive the rod a, and the two are kept 
firmly in contact by a screw, part of 
which is seen in the figure under the 
Fig. 36. A Biieak Key. vulcanite base, which tends to force b 

upwards. If a current be made to 
enter at b' it will pass to d, thence along a to b, and so out firom b'-. If now a be 
knocked on one side the current is broken directly a and b are separated. The 
drum having been covered and smoked is placed in position, and the arm a 
(fig. 37), fixed to a collar fitting on the axle of the cylinder, is brought into such 
a position that there is a well-blackened smooth piece of paper at the front of the 
drum, when the arm a touches the rod of the break key k'. The two terminals 
of the secondary coil sc are connected to the two blocks of the Du Bois friction 
key k'^, and to the remaining two terminals are connected the two wires of the elec- 
trodes E. A gastrocnemius-sciatic preparation is now excised, the femur fixed 
to the cork plate of the myograph, and a fine thread tied to the tendon of the 
muscle, thus connecting it to the vertical arm of the crank lever. A small weight 
w is attached to the horizontal arm at a point near its axis, and the muscle so 
fixed that the writing lever is horizontal or points shghtly downwards. The 
nerve is now laid across the wire electrodes, the key k'^ being kept closed. A 
tuning-fork f, or a chronograph, is arranged to write its tracing vertically 
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imder the myograph lever. Before either writing-point is allowed to touch 
the smoked Hoiface, the dnint should be set in motion to aee thsit the &ont of it 
lOtateB from right to left. The secondary coil in now brought into such a 
position that maximal contractions are ootaiued when the key k is opened. 
Tiie drum is now rotated until the rod a is a little in front of the arm of the 
break key k'. Adjust the writing-point of the lever l" to touch the dnua 
surface whilst the tuning-fork F is not in contact. The key k' is closed and 
then k'' is opened. The drum ia nest very slowly rotated by hand until 
the arm K breaks the key k' and the shock thus produced in the secondary 
coil causes a twitch of the muscle, which ^ recorded as a vertical line on the 
smoked suriace. The key s? is again closed. We now know that, no matter 
at what rate the drum be rotating, at the instant at which the arm a breaks 
the primary circuit the writing-point must be exactly opposite the vertical 
line just recorded. In other words, this vertical Une representH the instant at 
which the stimiilns will be sent into the nerve, i.e. it is the point of stimula- 
tion. Now rotate the drum through about a half-revolution. Bet the tuning- 
fork vibrating, and bring its writing-point in cotitaet with the surface. Close 
the key k' and open k*. Set the driim revolving by switching the friction 
wheel below the coned pulley p into contact with the wheel h, the arm a. 
breaks the contact of k', a stimulus ia sent to the nerve, and the muscle con- 
tracts. As soon as the writing lever has returned to rest, the drum is stopped. 
This takes as a rule about half a revolution. The key k'' ia closed and the 
writing-point of the tuning-fork removed from the surface. The writing- 
point of the lever is once more brought accurately on to the abscissa line, and 
the drum rotated so that a horizontal line ia recorded on the drum. This ie 
the zero- abscissa line. 

The drum is again rotated till the writing-point is brought to the line 
marking the point of stimulation, when the lever is depressed imtU it outa 
the time tracing. In a similar way vertical arcs are drawn opposite the 
following three points ; (1| the point at which the tracing leaves the zero- 
abscissa line ; (3) the highest point of the curve ; and (8) the point when it 
regains the abscissa line. One or two of snch curves should be taken, and 
the curves given by different muscles should also be recorded. A tracing by ■ 
a hyoglossus preparation is especially useful. This may be stimulatea'l 
directly, for which purpose one electrode wire is wound round ihe pin fixing J 
the hyoid cartilage to the cork plate, and the other may be attached to tin 
bent pin posing through the tip of the muscle, or it may be passed directlj 
through tbe tongue from side to side. This wire should be very fine. Th 
paper may now be removed from the dnim,anote of the nature of the exper 
meiit may be written upon it by a finely pointed pen, and it may then bu 
fivuil by driiwiiig it through a dish of varnish.' afttrwards allowing it to dry. 

In this way the curve of fig, 38 was obtained. The point of stimu- J 
lation is marked at a, and b, c, d are the other three points mentioned^ 
above. The rate of vibration of the tuning-fork is 200 per Becond^ 
The muBcle &om which it was obtained waa a hyoglossnB, and thsfl 
writing -point magnified the movement of the muscle three times. Thefl 
curved lines a a', b b', c d , and d d\ written while the smoked sarfaool 
was stationary, are taken for the purpose of making the time measure- 1 
ments more accurately. The curve is seen to fall naturally into three 1 
parts: — 

A very couvenieot varnish consists of 250 c.c. ol beat white-hard varnish tft I 
which 1 litre of methjlated spirit and 10 c.c. of easier oil are added. This driaa \ 
quickly and gives a dull surface to the tiadng. . 



(1.) From the point of stimnlatioii, a, to the point of commencmg 
contraction, b. This is the LATENT PERIOD. During; this time 
there is no change of length. The chronograph tracing a'// shows 
that this occupied -.^f, ,, ths of a second, i.e. -01 sec. This method does 
not give accurately the true measurement of muscle latency. It is too 
high. ISore accurate measurements by specially designed methods 
show it to vary from 003 to -008 sec. for frog's muscle. There are 
several reasons why a measurement by the ahove method cannot give 
the true result. In the first place, a muscle does not contract simul- 
taneously all over, bat the contraction starts at some one spot and 
then spreads in a wave-like manner over the rest of the muscle. 
Following an excitation at one spot, the fibres in that position contract, 
but do not at first lead to a movement of the recording lever, but 
rather to a stretching of the remainder of the fibre both above and 
below the point contracting. This is because the parts which have to 
be moved possess some inertia, and the part whose earliest movement we 
wish to retbrdTs not united to the lever by a rigid connection, nor is its 
upper end rigidly fixed, but at both ends muscle tissue is interposed. 

As muscle is elastic the first result of the contraction of a part of 
a fibre is a stretching of t&e'ii'eighb curing parts, and movement will 
only be conmntllftftted to the rawest extrehllty when either the 
whole of the fibre has commenced to contract, or when the iin|^paBfl^^ 
tension by the s tretching .h as been tr a,figmi tted through th^jJMti^y] j 
flUlCTS'that extSmity^^ fitf\t 

(ii.) From the point of commencing contraction b to the highest 
point of the curve c. This is termed the PERIOD OF CONTEACTIOH. ^ **^ 
The curve is for about the first third convex to the abscissa line, which 
means that the rate of the contraction is gradually increasing. This rate 
of contraction is at first very slow, as seen by the acute angle which the 
first part of the curve makes with the abscissa ; it then rapidly increases, 
as shown by the increasing inclination to the abscissa, and very soon 
reaches amaximum rapidity. Prom this, again, there is another change 
in rate, this time in the reverse direction, for the curve becomes con- 
cave to the abscissa line, and gradually, shortening becomes slower 
until at last it ceases, when the tangent to the curve becomes parallel 
to the abscissa line. The time occupied by the writing point in 
travelling from b to c, as shown by th^ piece of time tracing b' c', was 
^if^ ths of a second, i.e. *075 sec. 
' (iii.) The third portion of the tracing is from the highest point c 
to the point </, at which the lever again reaches the abscissa line, This 
part is called the PERIOD OF RELAXATION. The terminal point, 
d, is often a difficult one to determine with any accuracy, because the 
lever does not come instantly to rest ; but, as it always posaessSTIome 
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inertia, it oscillates for a time about a mean position which it^^H 
oltimately reaches. Tfie' fllffienfiy therefore iajjurely inBtninieiital,e^^H 
and should be reduced to a minimum by working 'with as ligMfinWw ^^M 
as possible. It is particularly marked when the relaxation process is. ^^M 
carried out very rapidly, and is completely absent when, from any- ^^M 
caase, the time is prolonged. An examination of this part of the 1 
curve shows practically the same changes as the preceding portion, 
iongh in the reverse order. It is at first concave, and then, after an 
intermediate portion in which the change of curvature is but slight, 
it becomes convex to the abscissa line. These changes mean that at 
first the rate of relaxation increases slowly, then more rapidly, until 
a maximum rate is attained, and from &is gradually diminishes until 
relaxation ceases. The length of time occupied by this process, in the 
curve of fig. 38, is seen, by measuring c'd'. to be sVTitha of a second, or 
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Fici. 38,-IsoTONic Twitch of *. Hvtwt.ossuB Muscle. Time TnACina, 200 per soc. ^^H 

■075 sec, ; but this time measurement is not to be regarded as quite so ac^i|^^| 
curate as the two preceding— it is probably estimated a little too high.^^^ 

By adding up these three time measurements it is seen that for-^^H 
this twitch the total time occupied was -16 sec. ^^| 

So far we have been mainly occupied in a study of the curve wltlL^^^ 
regard to its^time relations, but there are other poiuts which the cnrT«-^^| 
can teach us. In the first place the height of the curve will tell vh^^f 
the amount of the shortening that took place. The height of c from.^^H 
the abscissa line is found to be exactly 20 mm. ; and as the magnifioa-^^H 
tion of the movement was 3, the amount the muscle contracted was:^^^ 
g- mm. The length of the muscle when loaded by the lever was " 

28 mm. Consequently the muscle contracted '^j'- x-^, i.e. nearly a 
quarter of its whole length. 

We may in the next place estimate the amount of work per- 
formed by the muscle during its twitch. This is given by the product | 

^1 
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of the load lifted into the height through which it ie moved, or w 
=Lh. In thia experiment the load, including the lever, was adjusted 
to be 2 grms. Hence the total work was 2 x ,= = 13'33 grra. mm. 

This work was effected by the muscle in the time 075 sec. Henoe 
the mean rate at which the musole worked dnrii^ its contraction was 



13-33 _ 
■075 



178 grm. mm, per sec. 



H The load was not, however, retained at the highest point, but 

^P was allowed to fall again, and the lever ultimately came to rest at 
" exactly the same level as at the start Therefore, in falling, the load 
performed exactly the same amount of work upon the muscle as had 
been previously performed by the muscle upon the load. Moreover as 
in this particular example the time occupied in the relaxation happens 
to be identical with that of the contraction, the mean rate at which it 
was performed was identical with that of the former, 

The exact meaning of the curve of flg. 38 or of any other curve taken 
upon the same principle by the graphic method will be rendered very 
evident by a study of flg. 39, In this figure a » c d is an exact repro- 
duction of the curve of fle. 38. All measurements along a d represent 
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time, and ordinateE at right angles to this indicate for this particala^' 
example changes in length of the mnscle, The mnsole was 26 nun. 
long ; consequently a f' has been drawn at r^ht angles to a d and of 
three times that length (78 mm.) because the recording lever in tracing 
the curve magnified the shortening three times. K|F,, has been drawn 
parallel to a d and divided at r,, f.., f, ... by a series of points 
which follow one another at intervals of fonr vibrations of the tuning- 
fork. Hence f, f^, f^ f,, . . . &e. each represent n',>th of a second. 
Then Fj o,, Fj Oj . , . f,, d have been drawn parallel to a f, to cut 
the curve in Go, g,. . . . In this way we are able to state that at the 
instant \, at which the muscle was stimulated, its length was ^ a. f. 
^Vth of a second later its length was ^ i\ Gj 
■norths ditto ditto j f, a, 

s^ths ditto ditto ^ Fi a^ 

jnjths ditto ditto 3 Ffl D 

It should be remembered that in a great number of these graphi 
records the true interpretation to be placed on the curves is oi 



Fia. 40.— Simple T\ 




the above. As a rule, however, we shall find it sufficient to taki 
into account only chaiii)i's in length, width, &c., according to the mov»i 
ment which is being recorded, 

For purposes of comparison fig, 40 is introduced. This is a curve 
obtained in the same way, but given by a gastrocnemius. It shows the 
same features as those of fig, 38. The latent period is O'Ol sec. ; the 
period of contraotion 05 sec, ; aud that of relaxation 01 sec. The 
magnification in this case was live-fold. 

In recording a single muscle contraction by the method we have 
juBt employed, there is one factor in the method which, causes an 
inaccuracy in the result we are aiming at, and as it leads to several im- 
portant COB Hi deration 8 we must examine into it with some detail. 
This IB that the recording lever must possess a certain a moun t of mass , 
and, as a, consequeaoe, is unable to follow alterations in 
an absolute manner, more particularly when tboae alterations are 
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omB speed. That the mode of action of this factor may 
be made more clear, let us consider what happens during the twitch 
of a muscle to which a, weight is directly attached. The force exerted ' 
by the muscle during its contraction acts directly on the weight, 
which it sets in motion, and produces an ^jjggjgjjjj^ in it directly 
proportional to the ioua^iod inver sely proportional to the autib 
move d. The result is that the weight gains a certain amount of 
Smetic energy by virtue of which it will continue to move upwards, 
even though the muscle force ceases to act upon it, until that kinetic 
energy is neutralised by the constantly acting force of gravity. This 
is exactly the condition, then, when the force of the contraction begins 
to diminish ; and if, as is usually the case, we are actually recording 
the movement of the weight, the record of the true alteration of length 
is distorted by the operation of this acceleration. But the acceleration 
introduces another alteration which is even of greater influence, for 
as the acceleration upwards increases, so more and more of the 
weight ceases to pull directly upon the muscle, i.e. its tyjgjm 
dhninishes. The result of a diminution in tension is that the daa|i^ 
forc^of the muscle comes into play and produces a shortening which 
tEiis interferes with the shortening process we are attempting to 
record. The greater the load pulling upon the muscle the more will 
the action of acceleration interfere with the record. In the second 
process, that of relaxation, acceleration again comes into play. At 
first the tension diminishes because the weight does not follow the 
rapid relaxation instantaneously, but with a certain delay. When the 
relaxation is, however, becoming slower, the weight is moving down- 
wards with a certain velocity imparted to it by the action of gravity, 
and a time is reached when the weight is moving downwards with a 
velocity greater than the rate of lengthening of the muscle. The 
result is it acts upon the muscle and the tension begins to rise, 
increasing until it is equal to the weight plus that force necessary to 
stop the acceleration. The muscle is therefore stretched beyond its 
initial length, and then, when the acceleration of the weight is stopped, 
the excess of tension over load acts upon the weieht which is once 
more lifted, acceleration impartedTo it, and the whole process is once 



scillations the weight at last 



more repeated, until with a few c 
)mes into equilibrium. 
These final oscillations are to be observed in all tracings, and 
fig. 41 is reproduced especially in order to show them. The muscle 
recording was the double hyoglossus and the magnification five times. 
The only load attached to the muscle was the recording lever, in 
this case made of a hght straw of about 25 cm. in length. The 
preparation was the same one that had been previously employed 



** 



KXPERIMENTAI, PHYSIOLOUY 



to give the tracing of 




lOte that these oscillations a 

much less. To 
diminish the effects 
of acceleration we 
must always aim at 
employingrecording 
levers of as small a 
maBS as is compati- 
ble with the necea- 1 
sary rigidity. ThW] 
lever used for fi 
was much lighted'! 
than that used for] 
fig. 41. 

It is, howeveiriJ 
necessary for many^ 
experiments 
study the contrac-1 
tion when the mus- 
cle is loaded. We I 
have seen that if I 
we apply the load I 
directly under the 1 
muscle, acceleration. I 
mustcome into play m 
with the result that | 
the tension does not 1 
remain constant, but I 
during the earliest 1 
part of the contrac- 
tion period ig_ i n-j 
crease ;^, and duriiij 
the later part and I 
< most of the period J 
3 of relaxation it is 1 
a below that of the \ 
J weight, and at thi 
^ end of i-fllaxatinn ^t 
^ rabidly "j^igea, and 
^ after a few oscilla- 
tions ultimately 
reaches the initial 
tension. The part 
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of the curve most markedly affected is the apex. Acceleration pro- 
duces a greater distortion the greater the rapidity of the movement 
we are attempting to record. 

In order to be able to record twitches under different tensions, and 
yet ensure that the tension remains practically constant throughout, 
Fick introduced what is known as the isotonic method. The end 
aimed at is to prevent acceleration of any part to be moved which 
possesses mass. This Fick obtained approximately by the arrange- 
ment shown in fig. 42. The weight w is not applied directly beneath 
the muscle m, but to a small pulley on the axis a, and therefore much 
nearer the axis than the point of attachment of the muscle. In the 
particular lever drawn the muscle is attached to the point p of the 
lever, 10 cm. from the axis. This part of the lever consists of a light 
flat aluminium band, so that it is rigid in the direction in which move- 
ment takes place. The pulley has a radius of 5 mm. Hence the 
tension on the muscle is ^^^^ ^^ ^^® 
weight w. The movement of the 
weight upwards is also only ^th 
of the muscle movement, and con- 
sequently the bad effects of acce- 
leration are diminished twenty- l na 




w 



* 



fold. The curves of figs. 38 and 
40 are taken with this lever. 

There is a second important 
aspect from which we can study 

thephysicalmanifestations of the ^^^- 42.-The Principle op the Iso- 

•^ "^ T , . 1 TONIC Method. 

processes underlying a muscle 

contraction. This lies in answers to the questions : What happens if 
a muscle is prevented from shortening when it is stimulated ? What 
variation in tension, if any, takes place ? To investigate this problem 
Fick invented the isometric method, in which change of tension is re- 
corded and change of length is practically prevented. The principle of 
the method is illustrated by fig. 43. The muscle m is attached above 
to a rigid support and below to a lever, c a, at a point near its axis, 
A. The lever is continued behind a in the form of a stiff spring, 
A B, which rests on a rigidly fixed knife edge at b. A light writing 
point,' c, is attached to record the movements of ac. When the 
muscle is stimulated it tends to contract and lift up a c, but this is 
resisted by the spring a b, which is chosen of such a strength that 
the movement is very nearly prevented. The small upward move- 
ment of the lower muscle end is highly magnified by the long lever 
A D, and records the amount of bending of the spring a b. If now the 
forces required to bend the spring so as to produce definite move- 



^r^^^^^^rS" ISOMET^ TWITCH ^^^*^^^1 

^H This should be the semimetabranosus and gracilis (see p. 19). If we choose ^^ 
^H a small muscle which will only exert a amall tensioo, a long piece of the 
^H torsiocL wire muRt be taken ; if a powerful muscle a short piece. The muscle 

^1 trooing as before, and then determine the point of stimulation and draw an 
ttbficiHsn line. Nest remove the luuacle and to the lever attach a thread, 
which passes over a pulley held in the muHcle forceps and to its free end hang 
a weight. This pulls up the lever and the writing point. By rotating the 
drum draw a line parallel to the zero abacisEa, Now hang on a larger weight, 

^B of the writing point. ^^^H 
^H The form of curve obtained by this method is seen in fig. 45. ^^^| 
H These cm-ves wers: ail taken from the same double semimem- ^^M 
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.—Three Isometbic Thttcheb wtth DiTFKHENr IsiiiiL Tension 

SERB ON THE LeFT INUICAIC IHE NUKBEB OF GBAUH BEgUIREB T 

Leveh to the Level op the CoEaESPONDiNo HonizonraL LraE. 

U8 and gracilia preparation with maximal stimuli, th 
ion in the conditions of the three experiments being with 
initial tension of the muscle. The horizontal lines ir 
aount of displacement of the lever by given weights, whi 
aed in grams, 
e general form of the curve is seen to closely corresp 

nces. There is a latent period, a period of rising tensio 
falling tension. The apex of the ouiTe is seen to be ro 
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The rise of tension is seen to be, on the whole, fairly uniform in rate, 
being slow at the commencement, and near the apex. Undula- 
tions on the curve are instrumental in character, and are due to the 
extremely disadvantageous position from which the lever is moved. 

The tueasurements of such curves should be arranged in tabular 
form, as in the following table : — 



I 

II 

III 



Initial 

Tension 

in Grains 


Maximum 

Tension in 

Grams 




5-7 
16-7 


30-4 
55-6 
66-7 



Latent 

Period 

in Sees. 



•005 
•006 
•007 



Apex Time 
in Sees. 



•057 

•06 

•065 



Total Time 
in Sees. 



•117 
•142 
■170 



From this table it is seen that the maximum tension attained 
during a twitch becomes greater when the initial tension is raised. 
With rise in initial tension the latent period, apex time, and total 
time all increase, but the greatest increase is in the period of falling 
tension. 

By comparing these three measurements with those given for an 
isotonic twitch (pp. 33-36) it is seen that the apex time for Q,n isotonic 
twitch is longer than for an isometric, but that the period of relaxa- 
tion is practically the same as the period of decreasing tension. 

The aim of an isometric twitch is to be able to record the tensions 
a muscle is able to exert at each instant of a twitch carried out when 
it is prevented from shortening. It is important to recognise that 
the methods employed for this purpose can only give us an approxi- 
mate result. This is due to the fact that we cannot prevent the 
muscle fibres from shortening, at any rate in part. When a muscle 
is stimulated the whole length of each fibre does not commence con- 
tracting at the same instant, but one part is first affected, and from 
this, as a centre, a wave of contraction travels along the whole fibre. 
As a result the part which first contracts exerts an increased tension 
upon the rest of the muscle fibre, which it stretches, and at the same 
time this extension allows it to contract. We could get a better 
solution to the problem if we could simultaneously stimulate the 
whole length of each muscle fibre, so that all its parts commenced 
contracting at the same instant. 



THE METHOD OF AFTER-LOAD 

In our study of the muscle twitch up to this point we have mainly 
been dealing with contractions carried out whilst the load on the 
muscle was as nearly as possible constant. There is, however, another 



AFTER-LOAD 

method which very commonly obtains in many of our bodily mc 
ments, in which the muscle is under a low tension until it commences 
to contract, and then, only, experiences a riae of tension. We can 
imitate such a process by the plan of supporting the weight, and only 
I allowing it to act on the muscle when it has already begun to con- 
tract. This is called the method of after-loading. 

Experiment 3. — To examine the nature of a twitch, uaclor such eircum- 
Btances arrange the apparatus as for takiii); & simple twitch. Prepare a 
^Htrocuemiits and attach it to the modilied simple lever shown in Bg. 46, 
This coDBiBtfi of an ordinary siraple lever, but to the &ame carrying the axis 
IB fitted a stout brasB plate, b, which runs parallel to the writing iever but not 
vertically under it. The end of thia plate has a piece which projecls under 
the lever and carries a screw, s. This can be screwed up ho that the tip of 
screw can support the metal part of the writing lever at any level. 
Load the muscle, e.ij. with a load of 30.?,, which, preferably, should be applied 
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by B, proportionately heavier weight attached nearer to the axis. Screw 
down the screw so that the whole load is carried by the muscle, and bring 
the writing lever to a horizontal position. Now record a simple twiteh. 
Next screw up the screw to support the writing lever, so that the writing 

Eoint is placed at the level of the apex of the curve just taken. Record 
om this position another curve. It will be found mat the muscle still 
raises the lever. Baise the screw s once again until the level of the 
writing point is at the summit of this second curve, and again record a twitch. 
Bepeat the process two or three times more. 

Fig. 47 gives a series of curves obtained in this way. They are 
taken from a gastrocnemius in the manner described. The very 
striking and highly characteristic feature of these curves is that 
though the weight is supported at a level which it just reached at 
the height of a previous contraction, yet it is fiu"ther raised when the 
muscle is again stimulated. Under such conditions, then, the muscle 
contracts to a greater degree than when freely loaded. Aa was to be 
expected, the latent period is longer in this second case, and, as the 
tracings show, becomes still further prolonged as the height of sup- 
port of the weight is increased. The time measurements show for 
the lour successive curves here reproduced '01 sec, '035 sec, '012 sec, 
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and '065 ace. respectively. Two things are happening in the 
later twitches which account for this difference. In the first plane, 
the muscle is taking in any ' alack ' there may be. Secondly, and 




more important, it ia gra.dually increasing its tension until it is able 
to hft the load. The first part of such a. twitch ia therefore isometric 
but beyond a certain point it suddenly becomes isotonic, and its 
shortening is then registered. 

AiTEEATIOirS TH" THE SIMPLE TWi'i'OH BBOtJ&HT 
ABOUT BT VARIOtJS OONDiriONB 

I. The Influence of Temperature. — The differences in a simple 
twitch, brought about when the same muscle is at different teni- 
peratm'es, may be studied in many ways. If we are recording the 
Iwitrches by a crank lever the muscle may be laid upon a metal base 
arranged so that it cau be heated. Thus, in one form, the base is 
boUow so that water at different temperatures can be cbculated 
through it. In another a stout metal wire is soldered to it, which is 
immersed in water at different temperatures, and so its temperature 
raised or lowered as required. In another form the muscle is sus- 
pended in a small moist air chamber made of hollow metal walls 
through which water is circulated. The chamber is completely closed 
except by a small orifice at the bottom through which the thread 
passes, attaching the lower end of the muscle to the recording 
lever. One of the most convenient forma is shown in fig. 48. This 
is to be employed for the purpose in the following experiment : — 

Experiment 4. — Arrange the apparatus as for taking a, flimple twitch. 
Fit a cork c (fig. 48) tighll; on to the lower end of the metal L-piece a b c. 
A weight w is hung round the httle pulley n of the recording lever, so that 
it rotates the lever upwards, A muscle preparation is then made and its 
lower end fixed firmly by a pin to the Tipper edge of the cork c. The beat 
preparation for the purpoae is a hyogloesna or a sartorius, but a gastrocns- 
mius may also be used. The upper end of the muacle is then fixed by a fine 
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tliread to the lever. The teneion on the mnBcle may he varied by altering the 
weight w. The electrode wires from the eecondary ceil are connected (1) to 
the pin fixing the lower end m, and (2) by a very fine light wire, n, pasBing 
through the upper end of the muscle. With this apparatus each twitch of 
the mnsole puJla the lever downwards. The magnification should be about 
threefold or a httle higher. The temperature of the muscle c 
altered at will by bringing up a 
small beaker containing a fluid 
at the required temperature, so as 
to immerse the muscle and the - 
vertical limb of the L-piece. The 
itumeraiori fluid may be normal 
ealine made with tap water instead 
of distilled water, though it ia bet- 
ter to employ defibrinaled os-bload 
which has been diluted with four 
times its bulk of normal saline 
solution, for it ia found that the cha- 
racter of the contraction ia very 
markedly altered if a muacle be P'"' 48.-ArPABAii;B 
soaked m normal saline for any TEJiPEBiTOHEa of a Muscle by Immehbiob. 
length of time. Having aet up the mnBcleimmerse it in fluid at about 0°C. for 
three or four minutes, and then remove the fluid and record a twitch in the 
uaual way. Without removing the writing point from the surface, again im- 
merae the mnscle, having previously warmed the beaker of fluid by placing 
■' ■" warm water until ita temperatiu'e has risen to 5° C. In three minutes 
e the beaker and, if necessary, accurately adjust the writing point to 
the level of the previous abscissa, and then record a second twitch. 

3peat this for several higher temperatures, when a tracing similar 
to that of fig. 49 will be obtained. This tracing was given by a 
hyogloBBUS, the drum moving at a rapid rate. The various points in 
the curves should now be examined and the necessary measuremeiits 
axranged in tabular form, as has been done in the following table for 
, the curves of fig. 49 : — 





In this table all the time measurements are recorded in ^J-nths of 
a second, and for the height of twitch the highest point of the tracing 
from the abscissa line in millimetres. The amount ol contraction ia 
therefore obtained by dividing these last figures by 3, the amount 
of magnification. As the load was the same in all cases the total 
work in each case is proportional to the figures of the fifth column. 
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The mean rate of work is given in 
1 in the last column. 
Prom the tracing and from 
measurements given in the table the 
Lowing pointa can be induced. 

1. As the temperature rises the latent 
period, as measured by this method, gra- 
dually decreases, at first vrith some 
rapidity and then more slowly. These 
experiments, however, do not prove that 
the true latent period is diminished, for, 
as above explained, there are several 
factors at play tending to make the 
measurement by this method too high. 
The differences can probably be entirely 
accounted for in this experiment by the 
increase in the rate ot propagation of the 
nyisjj^^^i^jf as the temperature rises. 

2. The period of contraction becoi 
markedly shorter as the temperature rii 
at first the rate very rapidly increas 
but after about 15° C, though still in- 
creasing, its rate of increase is much 
slower. 

3. The period of relaxation varies in 
the same manner, but to a more marked 
degree. When the temperature is low 
relaxation^_Jg_,gIajser than contraction, m 
many experiments very much more so 
than in this particular instance. At higher 
temperatures relaxation is caixied out 
more rapidly than contraction. 

4. Perhaps the most interesting point 
ia the whole series is with regard to the 
height of the twitch. In this case the 
maximum height was at 7° C^. and the 
height diminished as the temperature rose 
to 20° C, at which a relative m inimum 
bW^HRjccurred. When the temperature 
was still further raised the height of twitch 
began once more to increase, and tended 
towards a second maximum at about 
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5. As the load was the same throughout the series of twitches, 
the total work performed iu the several cases is proportional to the 
heights of lift, and therefore shows the same variations as those pointed 
out in 4. If, however, we examine the work from the point of view 
of the rate at which it was performed we see from the figures of the 
last column that there is a progressive increase in the rate of work- 
ing which ta particijlarly marked when the relative minimum height 
at 20° C. has been passed. These rates of work are calculated, as 
previously described (p- 35) , by dividing the amount of shortening by 
1 time of ^BWHBfffli^nd multiplying by the load, which in this 
I instance was one gram. 

For purposes of comparison in fig. 50 is reproduced a similar 
series where the gastrocnemius was employed. The arrangement of 
the apparatus was slightly different, being the one figured on p. 112, 
the muscle being fixed in the position at which the heart is there 
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attached. The time tracing is 100 per sec, and the di'um was moved 
at a rather slower rate. The general result is the same as in the 
previous example ; but it is to be noticed that there is no relative 
minimum of height of twitch at 20° C. 

To complete our account of the influences of temperature upon 
the twitch there are one or two other facts known which do not 
appear iu these tracings. It is found that if the temperature he still 
further lowered the t otal' height of ^witeh is still further increased, 
and the relaxation much more markedly prolonged, and, as 0' C. is 
approached, there is a rapid change in the direction of diminution 
the amount of contraction, till at last none is produced. If, on the 
ler hand, the temperature be still further raised the amount of con- 
traction increases until about 32° C. is reached : from this tempera- 
ture the height rapidly SimTmshesr'until the muscle goes into heat 
contraction at 34° C. The twitches at the higher temperature are of 
the same total duration, although their height is less. 
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II. The Influence of Load.—The effect of load upon the characters 
of a simple twitch are to be studied in three ways: (!) where the 
load ia applied by the isotonic method ; (2) where it is applied 
directly to the muscle ; (3) where the load only acta on the muscle 
when it begins to contract. 

Experiment 5.— Arrange the apparatus bb for a simple twitch. Prepare 
a muscle and fix it in the isotonic lever as in Q.^. ¥1. The writing lever 
should be made as light as possible. The ordinary crank myograph lever 
could also be employed, in which case the loads are to be applied at a point 
□ear to the axis. First record a simple twitch with the muscle weighted by 
the lever only. Then hang on a weight to the pulley by a thread. This 
extendB the muscle, and the writing point must therefore be brought back to 
its original level by raising the upper support of the muscle. Now record a 
second twitch. Increase the weight and bring the lever once more to its 
original level and record a third contraction. TiiiH may also be repeated 
until the amount of the contraction becomes very smaU. 

Pig. 51 shows a tracing obtained in this way. The muscle was 
the hyoglossua. The loads in grams additional to the weight of the 
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r are wi'itten over the curves. Fig. 



lar figure ti 




The following effects are to be noticed : — 

1. The latent period iacreaaea as the load increases. 

2. The length of the period of contraction alao tends to inoi 
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This is better seen in fig. 52, obtained from a gastrocnemius, than in 
fig. 51, from a hyoglossus. 

3. The period of relaxation is at first markedly decreased. With 
higher loads it tends to increase again, often to a considerable degree. 

4. The heights of the contraction progressively diminish as the 
load rises. 

m. THE INFLUENCE OF VEBATBXNB 

Experiment 6. — Destroy a £rog*8 brain by pithing, leaving the spinal 
cord intact. Inject 5 minims of a 0*005 per cent, solution of veratrine dis- 
solved in normcd saline solution by the aid of a diop of weak sulphuric acid. 
Arrange the apparatus for taking a single contraction, but with the drum to 
rotate at a much slower rate (about 6 cm. per minute). After about half an 
hour pith the spinal cord and dissect out the gastrocnemius and sciatic, and 
fix the muscle in the myograph. In the preparation of the muscle care 
should be taken to avoid stimulating it or its nerve. Adjust the writing 
point to the blackened surface, and set the drum rotating. At any instant 
the muscle may be stimulated by opening the break key by hand. Note that 
the excitability is diminished, and a stronger stimulus than usual is required. 
The contraction will be effected quickly, but the relaxation is carried out 
very slowly, occupying some seconds. As soon as the muscle has completely 
relaxed, stimulate it once more. It will be found that the character of the 
twitch is completely altered. It is much more rapid. One or two more 
contractions may also be recorded, and then the muscle allowed to rest for a 
time. If it be then once more stimulated it will be found that the muscle 
has again returned to its previous state and the contraction is greatly pro- 
longed. 

The most satisfE^ctory preparation to use for this experiment is the 
hyoglossus. This is attached to the lever in the usual way, and then a few 
drops of a 1 per 100,000 solution of veratrine in normal saline is injected into 
the large lymph sac in which the hyoglossus Hes. If a very weak solution be 
directly employed in this way the muscle is ready for use almost at once, 
and the experiment never fails. 

Fig. 53 represents two curves produced in such an experiment. 
Curve I is the first twitch, and curve ii the sixth recorded. The first 
curve shows the characteristic effect produced. The early part of the 
period of contraction is effected as rapidly as in a normal tvdtch, but 
the latter part is very slow, lasting three seconds. The period of relaxa- 
tion is 46 seconds. In curve ii the total duration of the twitch 
has greatly diminished, viz. to 18 seconds, and another feature is 
present which is highly characteristic of veratrine ; namely, that there 
is a double apex. The first contraction is carried out almost as 
rapidly as in a simple twitch, and it is then followed by a second con- 
traction of very slow course, with rounded apex and showing a slow 
relaxation. The form of such a curve varies considerably in different 
instances. Sometimes the muscle may almost completely relax before 
the second contraction sets in, or again the second contraction may 
follow the first when that has reached its apex as in tracing i. If 



p 


W ESPERIMENTAL PHYSIOLOGY V 

he muscle be made to contract more frequently, and has not receiv^ 
too large a dose of veratrine, an almost normal contraction may be 
iroduced after a tew stimulations. 
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Fi(j. o3.— Two Twriciitri jivls lu- •. Mut-CLE PuisoNv:i. kith Vi.iuti.ine. || 

THE WORK PERFORMED DURING A TWITCH ^^H 
We have already pointed oat how the amonnt of work performed 1 
during a twitch can be determined, and have studied some variationB 
which occur on altering the conditions under which the contraction 
is carried out. It now remains to examine more completely the 
variations in the amount of work as the load is increased. The 
amonnt of work is represented by the product of the load lifted into . 
the height of lift, so that if we simply require the total work pa^H^ 
formed we need only record the heights of the series of twitches. ^^^| 

Kjcperimeni 7. — Atraage the primary eoil with a spring kpy l^^^^H 
making and breaking the circuit by hand. Place a Da Bois itey in tH^^^j 
seeondary with two flno wires for electrodes. Prepare the myograph lever and ^ 
measure the distanceB of the point of attachment of the muscle and the end 
of the writing point from the aiis. The writing point should be cut so thftt 
the ratio of the two is some simple multiple, e.g. 5. Next prepare a gastro- J 
cnemius and attach one electrode to the fixed end, the other to the movable 
end of themuHcle. Adjust the position of the seeondary coil until it just 
^ves maximal stimuli. Load the mnscle with a tension of 40 grams, apply- 
ing the weight at a point nearer the axis than the point of attachment of the 
muscle. The weight required to produce a tension of 40 grama will be 
focnd by multiplying 40 by the ratio between distance of muscle attach- 
ment to axis to distance of weight attachment to aiis. This tension will 
elongate the muscle. The lever mast therefore be brought hack to the 
liorizontal by altering the position of the fixed and of the muscle. Rotate 
the same a Uttle to mark the level of the lever. Stimulate with a make 

InereBfle the tension to 80 grams and repeat the process. Take a series rf | 

heights in this way, eaoh time inereasmg the load by a freah 40 grama.' ^^^H 

1 The load chosen must depend on the size o( the muscle. That of 40 gn^^^^l 
aa here given is the most coDrenient lor a medium-sized gastrocnemius. ^^^^1 
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In tliis way a aeries of vertioal lines have been recorded which 
give the heights of the several contractions, TTow take a piece of 
sqnared paper and mark off these contractions in series, say 1 cm, 
apart, measuring each contraction from the short horizontal mark to 
the apez. In this way a series of lines similar to those above o x in 
fig. 54 will be recorded. Uark above each the weight with which the 
muscle was loaded at that contraction. The experiment &om which 




&g. 54 was drawn was carried out in this way. Distances measured 
along o X represent loads. Lines drawn parallel to o v represent 
heights of contraction, and in this experiment they are magnified 
fly e-fold . Each cm. measured along o x from o represents 40 grams. 
The work performed during one of the contractions, c.;/. n d, is 
X 160 grm. mm., b d to be measured in mm. As o u represents the 
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load and b d the heiglit of contractiou, the work is represented bjP 
a B X It u, i.i'. by the rectangle o b d k, and Bimilarly for all the other 
oontractions. These rectangles are not, however, readily comparable ; 
therefore proceed in the following manner. Betermine the number of 
gnu. mm8. of work performed in each contraction and divide this by 
10 ; measure off on the squared paper a line equal to the number 
obtained vertically under the contraction. Thus for the contraction 
B D, the work was .! on x n o grm, mms. = ', >; 160 x 18 = 576. 
Therefore a line u i, 57-6 mm. was drawn as a continuation of d ». 
Then complete the rectangle n l m n, which then contains 676 
Bq.mms., and therefore represents the total work performed, Isq. mm., 
representing 1 grm. mm. of work. It will of course he i of the 
rectangle o d. In a similar manner the other rectangles were drawn 
and represent the other amounts of work for each contraction. The 
aim of this has been to represent each successive work by rectangles 
upon equal bases of 10 nun., and therefore the heights are a measure 
of the work done and at once appeal to the eye. 

We see directly that the amount of work performed at first 
increased rapidly as the load was increased, and reached a maximum 
at a load of 160 g. From that point it decreased, hut at a less rapid 
rate than it had increased, and at 320 g, although the height of lift 
was only = mm., the amount of work performed was considerable. At 
360 g. the muscle only gave a scarcely perceptible lift. 

This experiment also gives us a means of determining one other 
point in a muscle twitch, viz. the amount of load it is just able to lift 
when it is stimulated. In order, however, to get comparable results it 
is necessary to expresss this weight in a form for a definite amount of 
muscle. As it depends directly upon the transverse sectional area of 
the muscle, it is usual to express it in grams per sq. cm, of sectional area, 
and it is then spoken of as the ' ABSOLUTE FORCE ' of the muscle. 

We may gain this approximately from the preceding experiment if 
we know the length and transverse section of the muscle. In order to 
obtain these, the weight, specific gravity, and length were measured. 
These were: W = 329 g. S.G. = 1104, / = 21-25 mm. The load it 
was just unable to lift was 360 g. Its volume (c) is given by 

g _- = , '^jj. = -298 cub. cm. = 298 cub. mm. Therefore its average 
: 1402 sq. mm. Hence the absolnte 
force per sq. ram. of transverse sectional area was = 25-6 grras. 

Hence the absolute force per sq. cm. of sectional area was 2.560 
grams. 
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The absolute force of a muscle varies considerably in different 
muscles and in different animals. For mammalian muscles it is mnch 
higher than in the case of the frog's muscle. Determinations made 
upon the gastrocnemius have given results of as much as 8,000 to 
10,000 grams per sq, cm. 

THE PENDULUM MrOGRAPH 

A form of recording surface which has been largely employed for 
recording a single twitch of a muscle is the pendulum myograph, a. 
simple form of which is shown in tig. 65. 
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a, wooden peadulani swinging on two steel points at the upper alible of a lai 
triangular frame. Clips are provided at either side of the frame by whiM 
the pendulom may be held at either side. Prajecting from the lower ead oi 
the middle of the pendulum is a tongue of metal which breaks the contact 
of a specinl trigg*r-lioy the details of which are shown in fig. 56. It 
consists of ft brass trigger d fised 
on an axis on which there is a 
sector J which is in contact with a 
brass spring A, coiuiected to a 
binding screw b'. The trigger is 
represented in the figure in an un- 
. stable position, so that if its upper 
end is moved slightly to the riglit, 
the spring a will bring it into con- 
tact with the end of the screw s. If, 
on the other hsjid, it Is moved a little 
to the left, the spring wUl make it 
move downwards. The screw s 
fits in a pillar p connected by a strip 
jf brass c to a binding screw b'. 
The screw is tipped with platinum 
and conies into contact with a platinum plats let into the surface of the 
trigger D. If a current be sent through the key by the binding screws, it 
is closed only when the trigger d is in contact with the screw s. In that 
position the trigger is kept in contact by the spring. As soon as » is knocked 
to the left, the contact is broken and is not again dosed if the trigger be carried 
beyond tJie neutral point in which it is drawn in the figure, being prevented 
from returning by the spring a. 

Experiment 8. — Take a simple muscle eiuT-e with this myograph. In- 
sert the trigger key in the circuit of the primary coil, and place a Du Bois 
key in the secondary. Make a hyoglossus preparation and fix it to the 
recording lever, with electrodes for stimulating it directly. Close the trigger 
key, and with the pendulum hanging vertically bring the writing point to 
the surface ; next bring the contact at the bottom of the pendulum to touch 
the trigger key while this is still pressed tightly to the screw s. Make a 
little vertical mark with the writing lever at this spot. This marks ths 
point of stimulation. Now Lfl the pendulum nntil it is caught in the catch 
on the right, and having opened tlie Du Bois key, release the pendulum, 
which will then swing across and be caught in the catch on the opposite side. 
At lie middle of the swizig it will knock over the trigger, and the break shock 
in the secondary will thus excite the muscle. Finally draw a zero abscissa 
line moving the pendulum by hand, and take a time tracing imdemeath. 

Fig. 57 shows the form of curve thus obtained. The zero iibseissa 
line is, of course, an arc of a circle of radius equal to the length of the 
pendulum. 

The form of the curve is identical with those aheady studied i 
previous esperimenta. Time measurements should be made t 
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CHAPTEE IV 

SUMMATION OF MUSCULAR CONTRACTION. TETANUS 

In order to study the nature and the production of a prolonged tetanic 
muscular contraction it is necessary to first examine the effect of 
applying a second stimulus to a muscle before the contraction caused 
by the first has ceased. This may be done by using some form of 
apparatus of the general principle of that described in the following 
experiment. 

Experiment 1. — To the upper end of the shaft of the drum are fixed two 
brass collars, s\ s^, which can be clamped in any position by means of screws. 
Held in the collars are two brass rods, b\ b'^, terminating in flexible strips of 
brass, m^ m^. To the upright of the drum is clamped an insulating vulcanite 
base, on which is fixed a stiff brass rod, x, to which a binding screw, b*, is 
connected. A second binding screw, b*, is attached at any convenient position of 
the metal stand of the dram. The arm b^ is now adjusted in the collar, so that 
the spring m^ just touches the tongue x, and the collar is rotated until a smooth 
piece of the blackened paper is opposite the writing point when the two are 
in contact. The second arm b' is similarly adjusted. The primary circuit 
is now arranged so that the current passes from the battery to one terminal 
of the primary coil, from the second terminal of this to the binding screw b*, 
and from the binding screw b* back to the battery. Whenever either arm 
b'^, b^ touches the metal x the circuit is then closed and travels through 
the coil to bS through the metal x to the arm b^, and so up the shaft of the 
drum to its stand, and then through the binding screw b^ back to the battery. 
As the drum is rotated a little farther the spring m'^ is bent until it slips off 
the metal-piece x and the circuit is broken. 

Make a nerve-muscle preparation (the muscle may be stimulated directly, 
in which case the nerve need not be prepared) and fit it to the myograph. 
Place the electrodes under the nerve (or so that the stimulus is sent through 
the whole length of the muscle) and move the secondary coil until the break 
shock will give a maximal contraction while the make shock is still ineffec- 
tive. Bring the writing point to the surface and mark the two points of 
stimulation by very slowly rotating the drum by hand. As the first spring 
touches the metal-piece an induced shock is produced in the secondary circuit, 
which, however, is not suf&cient to stimulate the nerve or muscle. "When 
rotated a Uttle farther the spring leaves the metal-piece x, the current is 
broken, and the induced shock stimulates the nerve or muscle, the muscle 
contracts, and so records the point of stimulation. In a similar way the 
second point of stimulation is also recorded. 

At first the second contact m^ should be fixed at some little angular distance 
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from the first, ho that the contrftetion caused by the first shall have had ti 
lo be completed before the second stimulua is seat in. The necesaary 
angular distance will of course depend upon the rate of rotation of the 
drum. This need not be very rapid — about 10 to 15 cm. per second 
at the circumference. The contraction will then extend over about 1 cm. 
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of the paper. The double contraction may now be recorded with the drum 
in motion. Next move the second contact a little nearer the first and lower 
the myograph, so that it will record at a fresh level of the emuked surface. 
Mark the two points of stimulation as before, and then record the two con- 
tractions. Repeat this (leveral times, on each ocuasioa moving the second 
contact & little nearer to the first. 

Id this manner a series of carves will be recorded similar to those 
of fig. 59. In 1 and 2 the first contraction was finished before the 
second stimulation reached the muscle. The efiect of the second stimu- 
lation ie therefore a repetition of the first. A closer esamination, how- 
ever, shows certain differences. In the first place the second contrac- 
tion ia higher than the first, 975 mm. and 9 mm. for 1 ; 10 mm. and 
■9 mm. for 2. Secondly, the total duration of the twitch is longer in 
the second than the first, 13-5 mm. and 11 mm. for 1 ; 15 mm. and 
13 mm. for 2. In tracing 3 the second excitation fell at about the com- 
mencement of the last third of the relaxation period of the first contrac- 
tion and the commencement of the second contraction just before the 
lever reached the abscissa line. In 4 and 5 excitation occurred during 
the relaxation period of the first contraction ; in 6 at about the apex 
of the first, and in 7 dui'ing the early part of the period of con- 
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le that in these last five curves there ia a. aummation 
iond apex is at a hi(?her level thfl." the firat, and 
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the maximum summation effect oeeurred in c urve 6, w here the height 
of the second apex i a 17 cm . as compared with l6'5 for the second 
apex of 5 ; 14-25 cm. tor that of 4 ; 13 cm. for that of 3 ; and 9 cm. 
for that of the first apex. As a general statement, it is found that the 
height of the second contraction is greatest when the instant of stimu- 
lation falls at the commencement of the last third of the period s ' 



c ontraction of the preY if|"i= ^yfitpV ■ In c 
the second twitch it is seen from curves 3 and 4 that when the com- 
mencement of the second contraction falls in the lower half of the re- 
laxation of the first the height of the second contraction, as measured 
from the level at which it starts, is higher than the height of th© 
first. 

"With regard to the time of the second coutractioa one other point 
of interest is found, viz. that the apex time of the second contraction 
is less than the apex time of the first, where by apex time is meant i 
the total time elapsing from the instant of stimulation till the highest 
point of the curve is reached. 



THE GENESIS OF TETANUS 

A study of the effect of applying two stimuli to a muscle or its 
nerve, the time interval between the two being varied, naturally 
leads to a consideratioij^of the effect which will be obtained by ex- 
tending the muaber of atimuli. 

To gain an answer to this it ie necessary to have some form of apparatus 

■ which wiU give a series of atimuli at regular iutervala, and further allow of 
an alteration of that interval. There are many forma of apparatua that will 
effect this, but the Bimplest coneiBta of a Hat ateel spring which can be clamped 
in different positions, and whose (ran end is provided with a platinum wire 
by means of which a cirtuit may be closed with each vibration of the spring. 
'Hie rate of vibration with a given spring depends, solely, upon the len^h of 
spring which is allowed to vibrate, and increases as the spring is shortened. 
To keep up the vibration of the spring it is usual to introduce an electromagnet 
which attracts it aa soon as the circuit is closed. The method of fitting up 
the apparatua is shown in fig. 60. a o is the flat steel spring which can be 
firmly held in an; position by the clamp o. At a a platinum wire is soldered 
to the free end of the spring, and this can close a. circuit by dipping iutb the 
mercury h held in a I'ulcanite cup. e is an electromagnet held above the 

I vibrating reed. In older to get regular vibration of the reed the electromagnet 
should befixed at a point about two-thirds of the length of the spring away 
from the clamp (i.e. nearer to a than its position, as shown in the figure). To 
fit up the apparatus connect one terminal of the battery b with the meronry 
cup by means of the binding screw r'. Connect the clump of the reed by its 
binding screw t to one terminal, e', of the electromagnet and the second, 
t'', to one terminal, p', of the primary coil. The second terminal of the coil 
is then connected to the battery. Supposing now that the platinum 
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Bliown in & difference in effect produced iiy a second stimulua which rapidly 
folio wa it. 

The make shock (or break shook) may be cut out by using the key shown 
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in fig. 19, and fitting in the two notched wheels instead of the sectors. 
Alteration in the rate at which the stimuli are sent in can then be elfccted by 
altering the rapidity at which the key is driven. 

Experiment 2.— AdjosC the vibrating reed as juat described, at first clamping 
it qwbe at the end, so that it vibrates two to three times per .second. Make 
a nerve muscle preparation and fix it in a simple lever or crank lever 
myograph, and having covered and amoked the drum arrange it so that it 
rotates at the rate of ^ cm. per second. Adjust the secondary coil, using a 
Bu Bois key as a short. circuiting key and placing the coil in such a position 
that it Rives mayiraal shocks on break while the make shocks do not stimulate. 
Close the key in the secondary circuit, set the vibrating reed in action, 
bring the writing point up to the smoked surface, and allow the drum to 
rotate. Open the key in the secondary for about one to two seconds, and thus 
allow the shocks to reach the nerve. The muscle contracts and its movements 
are recorded. Stop the drum and next shorten the length of vibrating reed, 
and t^e a second tracing in the same manner as before. Take a series of 
tracings in this way. between each, making the reed vibrate a little faster 
by' shortening it. When the reed has been sufficiently shortened the effect 
■ laat produced is a complete tetanus. 

experiment carriet! out as thus described the serieB of 
tracings shown in fig. 62 were obtained. The time tracing in all cases 
ight per second. The preparation was the gastrocnemius stimu- 
lated indirectly, and the magnification was threefold. In curve 1 the 
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^■-rate of stimulation was four per second, and it is seen that each 
^fccoDtraction is distinct. On measuring tlie heights of the twitches 
^^Bt will be found that the second is a little higher than the first, and 
^Vthe third a trace higher than the second, the last four all being of 
the same height. This ' staircase ' effect, very slightly marked in this 
particular instance, is usually to he observed, especially if the pre- 
paration be very fresh and has not been injured during its remova], 
I It shows that by a contraction a muscle is brought into such a 
{Btate that an immediately following stimulus of the sa me strep eth 
evokes a more powiJPflll ffeSpSBse^ That it is a question of increased 
capacity of perf5ri!5te{;'w''ork rather than an increase of excitability 
ifi indicated by the fact that it is to be observed when maximal 
stimuli are employed. 
In curve 2 the rate of stimulation was increased to ten per 
second. We see that the first contraction was nearly complete 
before the second stimulus led to a fresh contraction. The lever did 
not reach the zero abscissa line, and some summation occurred. The 

I third stimulus effected a contraction before relaxation was complete, 
and a fresh summation occurred ; and so on for the later contractions, 
though after the foui-th the maximum height of contraction did not 
increase. 
In curve 3 the rate of stimulation was further increased to sixteen 
per second, and a much gi-eater summation of effect is recorded. The 
second apex lies well above the first, the third above the second, but to 
a less extent, and the fourth above the third, though here the increase 
of shortening was only slight. Prom this the apices remained at practi- 
cally a uniform level. An interesting point is to be noticed in this 
curve, viz. that the lowest points of the undulations of the curve 
become progressively at a higher level as stimulation proceeds. This 
effect is due to fatigue brought about by the number of oonttaetions 
I the muscle has been made to give. One of the effects of fatigue (see 
I chap. V.) is found to be a marked slowing of the rate of relaxation, 
l BO that as this was produced in this instance the later stimuii began 
I to produce their effects on the muscle before relaxation had proceeded 
R quite as far as in the preceding contraction. 

In curve 4 the rate was increased to 18'5 per second, and in S to 
B 22 per second. The curves show practically the same points as those 
Kalready described for 3. The only difference, apart from the lesser 
rsion of the oscillations, is that there is more summation, and 
therefore both upper and lower apijes are at a higher level than in 
I the preceding curves. 

Curve 6 shows a similar condition, though carried to a further 
I- degree. The hne joining the upper apices is approximated to that 
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joining the lower, and in addition one otlier feature ia observed, 
that the amount of contraction progressively increases throughout.^ 
In these last four curves it is to be noticed that the relaxations J 
the first few contractions progressively increase In curve 5, 
instance, the first relaxation is practicailj ml, the second 2 mm , th? 
third 3 mm., the fourth 3 mm , and at a latei stage when fatigue 
begins to set in, they again diimnish in amount, due to the cauae 
already explained. The meaning of this mcieasf! in relaxation 
jrtain degree of explanation in the hght of the f.ict jlreadj 
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studied, that the apex time of the second twitch in a summation 
series is l ess than that of the first . The diminution of apex time in a 
series has also been found to extend to the third, and in favourable 
cases to a fourth or later contraction. 

In the last curve (7) a practically complete tetanus ia recorded 
which was produced when the rate had reached thirtmgj^gpond. It 
is seen that the upper One of the whole curve very gradually ascends. 
There are slight wavy oscillations on this line, which, however, are 
not synchronous with the series of stimuli. 
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In a similar manner repeat the experiment upon a hyoglossus. 
The experiment may be further modified by reducing the rate of 
rotation of the drum to 1 cm. per second. In this way fig. 63 was 
obtained, the magnification being twofold. The figure brings out 
clearly the same points as those we have already studied in the pre- 
ceding instance. With the slower rate of recording surface the way 
in which the hnes joining the apices or bases of the successive 
contractions ascend is very clearly seen. 

Take a tracing of complete tetanus employing the Neef s hammer 
of the coil for the purpose, when a tracing similar to curve 7, fig. 62, 
p. 62, will be obtained. 

JBxperiment 3. — To effect this, attach the two poles of a battery to the two 
pillars of the coil, and adjust the vibrating hammer until it works continu- 
ously. Insert a Du Bois key in the secondary circuit as a short-circuiting 
key. Excise a nerve-muscle preparation and fit it in a myograph, laying the 
nerve across the electrodes. Upon a slowly moving surface record the result 
of stimulation of the nerve for a short time. Repeat, varying the strength of 
the stimuli. 
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CHAPTER V 

FATIGDE OP MDBCLB 



A PEHFECTLY fresh. muBcIe posaeases in itself a cer tain atorj 
potential energy in the form of chemical substances by whoae decoia'* 
position ihe nffisole ia able to perform a definite amount of work, or 
exert a definite force. If the muscle be caused to contract aiid produce 
either a series of twitches oir a prolonged tetanic contraction, this 
chemical energy becomes more and more used up, and the muscle 
passes into a atate in which it becomes more and more difficult tor it 
to respond to the stimuh sent to it. This difficulty is due primarily 
to the using up of the initial store of chemical energy, and sec ondarily 
to the accumulation of che micafJ']ia^W & -of the nat ure o_f_ waste 
products which obstruct tbe action of the physico-chemieal processea 
which are the basis of a muscle's activity. In this state a muscle 
is said to be fatigued. We can study this condition of fatigue, from 
a chemical standpoint, and again we may study it by contrastiug its 
performances while in this state with its behaviour under similar 
conditions when in a normal state. 

To show how a single twitch becomes modified a 
passes into fatigue proceed in the following way. 

Experiment 1. — Fit up the apparatus in a similar manner to that 
employed when atndjing the effect of two eucceaaive etimuh upon muacle 
(fig. 68), but remove the aeoond contact m', so that only a single stimulus is 
sent into the muacle with each revohition of the drum. The rate of rotation 
of the drum should be arranged bo that a complete revolution occupies about 
two-thirds of a aeeond. In this way the contact m^ by touchinft s closes the 
primary circuit three times in two seconds, and the induced shocks of the 
secondary circuit are at this rate. A muscle preparation is now got ready 
and fitted into a myograph, and the electrodes fixed in position. The 
BBCondarj coil is ho placed that make shocks are ineffective. The point of 
stimulation and an abBcissa line are now drawn. It is of j^eat importaiica 
that the writing point should in this experiment only daraw a very fine line. 
The drum can now be set in rotation. With each revolution a twitch is 
caused which is recorded. After about ten to fifteen minutes the drum may 
be stopped, and the record examined. During this time fi-om 1,000 to 1,600 
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twitches will hnve been recorded, and unleas the original eontractions were 
preat, and the writing point very fine, the lines will be found to have 
in Qiany places largely obtiterated one another. To obviate this it is best to 
only record eaeh tentli or twentieth oontraction, moving the writing point 
firee from the surface during the intermediate twitches. In bringing it once 
more in poBition it is necessary that it should be brought back e\aeUy to its 
first position, so that the point of stimulation is correctly placed. To carry 
this out with complete accuracy requires some mechanical means of adjust- 
ing the writing point to the surface. 

Fig. 64 reproduces a series of curves obtained in this way. The 
[ first six curves are numhered in the order in which they were taken. 
No. 1 was the first twitch ; 2 the sixth ; 3 the eleventh ; 4 the twenty- 
first ; 5 the thirty-first ; 6 the forty-fijst ; and the remainder at 
intervals of ten twitches. Curve No. 1 gives a typical simple twitch. 
Curve 2 is seen to differ from this in a few points : — (i.) It starts from 
B. rather higher level. This ia not of great importance in this instance 
I for this difference is chiefly of instrumental origin, (il.) Both the 
period of contraction and that of relaxation in 2 are rather longer 
than in 1. (iii.) On measurement the height of the twitch in 2 is 
found to be slightly higher than in 1. On contrasting 3 with 2 these 
differenees come out even more clearly. 

After curve 3 the heights begin to gradually decrease, and the times 

Iol the different periods to increase. Thus the latent period gradually 
■ increases from 'Ol? second to -03 second. The contraction time 
increases, though not'very greatly ; but the chief change is in the period 
of relaxation, which is seen to become very greatly extended, so much 
so that the drum has revolved and a fresh stimulus been received 
before relaxation ia complete, as seen by the fact that the next con- 
I traction starts with the lever at a higher level than in the previous 
■curve. This condition of more or less^ ppi-mnimnt. ''■optivtnljjp" is 
^ spoken of as ''■"MliVftrit-'lfi If the experimeat be carried on for a longer 
time it is found that the relaxation process to a certain degree 
recovers itself. Relaxation time slowly diminishes after about four 
or five thousand twitches, but never attains the previous speed seen 
when the muscle was fresh. 

The condition of fatigue, then, is chiefly characterised by a slowing 

of the usual processes of a twitch, a diminution in height, i.e. in the 

total work performed, but most prominently by the p rolonged tim e 

r equired f o r FpJflJiJV^''"" The series of changes observed" in tatigue 

ma^Booacon aider able extent modified by variations of the external 

^_ conditions. Thus, heat markedly accelerates the onset of fatigue. 

^^ Xioad also hastens the production of fatigue ; but as it aids the relasa- 

^H-tion the condition of contractur is not so clearly seen. 
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^ Next study the effect of fatigue in producing alterations in the 
height of contraction, i.e. in the amount of work it is ahle to perform 
with constant load, by the following method : — 

Experiment 2. — Drive the cut-out key, fig. 19, from the shafting em- 
ployed to drive the drum, so that it gives two Bhoclia per second. Connect 
it with wireB to give make shocks only. Fit up a chronograph to give a 
seconds time tracing. DisRect out the gastrocnemiuB or hyoglosaus, and 
having fitted it to the myograph lever attach the eleotrode wires to stimulate 
direcUj, and then bring the secondary coil up to the primary until the con- 
tractions produced on each make of the primary circuit are maximal. Gear 
down the drum until it rotates at about the rate of 10 cm. per minute. Bring 
the writing point to the recording sarface, start the drum, and then open the 
short-circuiting key in the secondary circuit and record the contractions for 
about Sve minutes. 

In this manner the tracing of fig. 1, pi. 1, was obtained. The 
tracing was given by a hyoglossus preparation which was loaded by 
the weight of the lever only. The heights of twitch only are recorded. 
It ia seen that the first te n twitches give a typical ' staircase ' effect, 
and from that point onwards, the heights gradually diminish to the end 
of the tracing, at first rapidly and then more slowly. The secondjipint 
of interest is with regard to the line joining the basal points of the 
twitches, This is seen to gradually leave the ze ro abscissa line , aa 
latigiie sets in, which is to be explained by the fact we fetive already 
studied in the previous esperiment, viz. that elongation becomes 
greatly prolonged, and hence a new stimulus reaches the muscle 
before it has had time to completely relax. The time at which the 
succeeding stimulus reaches the muscles falls progressively at earlier 
stages of the relaxation. There is produced therefore a condit ion of 
ocmtjafitor. On stopping the stimulations the muscle is seenTo 
alowly relax, but had not regained its initial length when the tracing 
was stopped. 

The muscle should now be allowed to rest for about ten minutes, 
ind the experiment once more repeated, when a result similar to that 
2, pi. 1, will be obtained. It gives as it were an epitome of the 
'changes observed in the previous tracing. The changes in the 
twitches are brought about very rapidly instead of slowly, as in the 
first tracing. If this tracing be carried on for a very long time it will 
be found that gradually almost complete fusion is obtained, and then 
again the undulations become much more marked. This last change 
occurs when the late stage is reached in which the relaxation process 
begins to shorten again. 

Experiment &, — Study the efiect of fatigue upon the tetanus curve by 
arranging the rate of the vibrating reed to just give complete fusion and 
record a tetanua by means of this, keeping the Btimulation up until complete 
fatigue sets in. 
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CHAPTER VI 



When a muscle shortens during a twitch it alao thickens, and this 
thickening may be studied in the following experiment, whose object is 
to magni^ and record the changes in a transverse diameter at some 
oonvenient spot. 

Mxperiment 1. 
Keontraction by 




fin the aame way as for a. simple twitch, but use the recording apparatus 
n the figure. Make a gastrocuemios preparation from a curorised 

'' frog,' and to its tendon attach a length of indiarubber, r. The mnscle 
is laid upon a narrow wooden support, h, whose upper auriace is covered 
with cork. The upper end is fixed to this base by two pins, to which two 
fine wires are soldered, thuB far min g a pair of electrodes. The end of the 
atrip of rubber is pinned down to the cork base by a pin, bo as to put the 
muscle slightly on the stretch. Besting ou the muscle at a poiut near the 
electrodes is a light wire of aluminium, w, in the form of a hoop, the part 
touching the muscle being hammered out flat. This wire is connected 
below to a recording lever, l. 

) Older to prevent excitation of the muscle 
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A tracing obtained by thu arrangement is shown in curve ii, : 
67, and for purposes of comparison a simple twitch taken immediately" 
after, under precisely the same conditions, by attaching a thread from 
the tendon to a crank lever is reproduced in curve [. The two curves 
show the following points of difference. 

(i.) The latent period in the case of u is less than in i. The 
measurement given by the curve of thickening is just under -005 sec. 
This method is the one commonly employed for determining the latent 
period, the points to be especially observed being (a) to make t' 




moving parts of the lightest possible character, and (6) to stimulate 
the muscle exactly at the spot on which the recording lever rests. 

(ii.) The amount of movement is very much less in the second 
tracing. This follows as a necessity when we remember that in the 
first instance the curve is a summation of the movements along the 
length of the whole mnscle. The second is a summation of the 
different thickenings over one transverse section ; and as the length 
is mnch greater than the thickness, that of itself explains the 
main difference. Further thickening is not proportional to the 
amount of shortening, which therefore further accentuates the dif- 
ference. 

(iii.) The total duration of the second Is a little less than that of 
the first cnrve. This is because, in a contraction, the whole length of 
the muscle fibre does not contract simultaneously, but successively. 
1 in the particular conditions of the experiment thickening 
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ocenrs simnltaneoiuily throughout the seotioii upon which the recording 
lever rests. 

The Muscle Wave. — We have seen that when a muscle contracts, 
it passes through a series of phases, a latent period in which no 
change of form occurs followed by a period of shortening, and this 
again by one of relaxation ; and the same holds true for each fibre and 
further for each constituent part of that fibre. If we, for the time 
being, limit our attention to what is happening in a single fibre, it is 
found that all parts do not pass through the different phases of their 
contraction synchronously, but that the contraction travels along the 
fibre in the form of a wave. A study of fig. 68 will make this clearer. 
A B is supposed to represent a very long muscle fibre, which has been 
stimulated at the point a, and as a result a wave of contraction, 
represented by the bulging of the fibre between c and d, is travelling 
towards b. At a somewhat later instant than the one drawn, the 
condition of the fibre will be represented by the dotted lines, and the 
front of the wave of contraction will have reached the point e. d has 
then passed through about half of its phases, and at c the muscle has 
returned to its initial form. The wave of contraction will in this way 
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travel on until it reaches and has passed over b, when the whole fibre 
will come to rest. In the study of a wave of such a nature we can 
gain a full knowledge of it, if we can determine its following 
characteristicff : — 

(1) Its amplitude. 

(2) The rate at which it travels. 

(3) Its length. 

Its amplitude and general course can be ascertained by recording 
the changes in diameter of a section of the fibre as the wave passes 
over it. The method by which this is done has been carried out in 
experiment 1. Next by measuring the time interval between the 
first movement at d and the corresponding change at e we can deter- 
mine its velocity after measuring the distance of e from d. Thus 
suppose the distance d e to be Z centimetres, and the time occupied 
by the wave front in travelling from d to e to be ^ seconds ; then in one 

second the wave travels - cm., or in other words - is the velocity 

t t 

per second in centimetres. Lastly, if we determine the time the wave 

takes to pass over any fixed point, we can determine its wave length 
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A, i.e. the length c d of fig. 68. For if this time be (' during that time 
a wave of velocity - will travel - x (' cms. But at the end of the 
measured interval I' the wave is just leaving the fixed point. Hence 

. !■ 

A = - X I cms. 
t 
Actual measurements show that this wavB length is great as com- 
pared to the general length of a muscle fibre, so that a single fibre 
cannot present at any one instant all the phases representing a single 
wave of contraction. Referring to our diagram it is as if the part 
D E were the only piece available for observation, and we then had to 
study the wave of thickening as it travelled over that portion. Thus 
if we record the total changes at two positions on the fibre and the 
time relations of those changes, we can then determine all the 
characteristics of the wave. This we can do by the following 
method : — 

Experiment 2. — Arrange the apparatus as for a simple twitch, fitting in 
a pair of pin electrodea. CnroriBe a fro^ and dissect out a gracilis and semi- 
membianoBaB preparation. Arrange this as shown in &g, 69. The prepara- 
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tion u is pinned down to a cork base, at one end a pair of pin eleotn 
beinf; uHed. Two levers, l' and l', are then arranged as in the figare. 
lever coneistB of a light bar to which ie jointed a fight vertical bar t( 
□atiiiB in a flattened foot to rest on the muscle. Each lever ia held oi 
specify arranged block, a, which Hlidea along a bar, d. and car 
any position by a eorew, c. The axis of the lever is carried on a plate, 1 
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whioh ooQ be rotated round the screw e, and b; that screw clamped in i 
position to a. By movement along the horizontal rod n the levers car 
approsimated or sepftrated to suit the length of the muscle. By rotation of 
the block a around the rod n the writing point of the lever can be raised or 
depressed, and finally by rotation of the plate b the writing point can be 
adjusted to the writing surface. By this apparatus we can record the changes 
in thickness of the muscle at two points separated by a dietanoe which can be 
measured in miUimetres. One lever is fixed near the pin electrodes, the other 
as far away as is convenient. 

On recording a single twitch the tracing obtained is similar 
to that of fig. 70. In this experiment the vertical levers rested on 
the muscle at two points situated 16 mm. from each other, and 
each therefore records the variations of thickness at those two points. 

The electrodes were placed immediately under the point on which 
the upper lever rested. The time tracing is 200 per second. Hence 
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the measurements of the two latent periods are '0044 second and 
■0094 second respectively. The difference is '005 second. Hence 
the muscle wave travelled from the first lever to the second, a 
distance of 16 mm., in "005 second ; therefore its rate was 3-2 metres 
per second. The temperature of the room and hence of the muscle 
was, in this experiment, 18° C. 

The time occupied by the total variation of thickness is seen for 
both curves to be ■085 second. Hence the length of the maaole 
wave was -085 x 3*2 metres = 27-2 cm. 
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OHAPTEE VII 



INDEPENDENT MUBOULAH EXCITABILITY 

By this is meant the property a living muscle fibre pOBseues of] 
responding by a contraction to a stimulus applied directly to it. To 
prove that the muscle substaace is itself excitable, it is necessary to 
devise an experiment In which the stimulation of the muscle-fibre via 

» its nerve is altogether avoided. The experiments commonly adopted 
for this purpose are the following : — 
Experwimt 1— BEENARD'S CUKAUE EXPEEIMENT,— Destroy 
the brain of a frog. Cut through the akin at the back of the left 
thigh for about an inch, separate out a short length of the sciatic 
nerve, and pass a stout ligature under it. Bring the ends of the 
ligature to the front of the thigh and tie tightly, thus including the 
whole of the structures of the limb with the exception of the sciatic 
uenre. Nov inject a few drops of a one per cent, solution of curare 
(Indian arrow-poison) into the dorsal lymph sac and allow the frog to 
remain for about half an hour. At the end of that time tho a 

XL has become quite paralysed with the exception of the left leg. FincM 
, J ing the skin of the right leg produces no movement in that limb, bnf 
.. \ pinching the left leg leads to movements of the limb. Now dissect onl 
both sciatic nerves right up to the vertebral column. Arrange | 
battery and coil for giving tetanising shocks and place the electrodt 
under the right sciatic nerve. Stimulation of the nerve in any p 
of its course has no effect upon the muscles which it supplies, bau 
^^,, ' can produce reflex contraction of the leg musolea on the left sic 
Next place the electrodes under the left sciatic. Stimulation of tl 
nerve causes contractions of the leg and foot muscles of the e 
wherever the electrodes are placed, whether close to the knee wht 
it has not been exposed to the action of the poison in the blood 

Loratthatpartnearthe vertebral column where the poison has beenablij 
to reach it. Finally apply the electrodes directly to any of the muse' 
of the right leg. They contract on stimulation. 
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The action of the curare has been to destroy the physiological con- 
tinuity of muscle with its nerve fibre. The poison injected is rapidly 
absorbed into the blood, and so carried to all parts of the body with the 
exception of the left leg below the ligature, where the vessels have 
- been occluded. The apper part of the left sciatic has been exposed to 
the poison, but is still excitable, showingthat the action of the poison is 
not on nerve-fibre; and as the muscles inanypartof the body contract 
when directly excited, it follows that they are not the parts affected 
by the poison. The portion paralysed must therefore be situated at the 
connection of the nerve to the nmscle, i.e. the motor end plate or the 
small terminal piece of nerve which is unprotected by a medullary 
sheath. Just at this point, moreover, a very complex net of blood 
vessels is found, so that the part would be freely exposed to any poison 
present in the blood. 

From the same preparation we may also show another &ct which 
f^irther tends to the same conclusion. 

Experiment 2. — ^Using single induced break shocks determine for the 
lefc nerve the strength of atimulua necessiiry to just cause a twitch of the 
KaatiDcnemiuB, and secondly that which gives a maximum twitch. Having 
(lone this, apply the electrodes directly to the paralysed gastroonemiue, the 
right, and determine the two corresponding positions for the muscle. 

It will be found that in the latter half of the experiment the stimulus 
must be greater for both cases. This tends to confirm the previous 
result, viz. that it is muscle fibre which is being stimulated, and not 
nerve fibre, and in that case shows that UUSCLE IS LESS EXC^- 
A BLE THAJT N ERVEi^^. ■ - '" 

ExpeTiment 8. — Kiilme'i Bartorlus Bxperlment. — Carefully diftsect 
oat a sartoriuB, and to tbe tendon which attaches it to the tibia tie a fine 
thread. The upper end of the muscle may be fteed from its attachment 
to the Bymphysis. Suspend the muscle with its upper end hanging down- 
wards, and bring up under it a drop of glycerine in a watch glass until the I 
end of the muscle just touches the glycerine. No contraction results. i~ 
off tbe end which has touched tbe glycerine, and note that the muscle c 
tracts under the mechanicEil excitation. Again touch the cut surface with 

I^ycerine. If only about 1 mm. of the end has been cut oft' there is again 
no contraction. Cut off a fresh millimetre of muscle and repeat as before. 
It will be found that when about 3 to 4 mm. of tbe upper (pelvic) end has 
been cut away, oi> contact of the freshly esposed end with the glycerine, the 
muscle shows irregular twitcbings, and is at last thrown intoa state of incon- 
plete tetanus. This experiment should in the next place be supplemented by 
showing that if a gastrocnetniuB nerve muscle preparation be made, and the 
cut end of the nerve dipped into glycerine, tbe gastrocuemins is thrown 
into a similar series of irregular twitcbings. Nerve fibre is therefore excit- 
able to glycerine. 
The explanation of the preceding experiment becomes clear by the 
1 L 
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light of a knowledge of the distribution of the nerve fibres 
Bartoriua. Kiihne showed that the upper i to 5 mm. 
sartorius contained no nerve fibres, nor could nerve*8ndinga of any 
kind be traced in this part. The same holds good for the lower 2; 
to 3 mm. Hence in the first part of the experiment only muscle 

, fibre waa being exposed to the glycerine ; and as the muscle did not. 

I contract, it follows that muscle fibre is not excitable to glycerine. 

I soon, however, as the lower part had been cut away, some of the nerve. 
( became exposed, and as they are excitable to glycerine 

[ muscle was thrown into a series of irregular twitchings. 

Experi/menl i. — Upon the sartorius of the opposite limb perform an exactly' 
jxperimeut, but use a salt solution (065 per cent.) containing a drop 
}ma solution. The muBcle will be found to be extremely sensitive to 
.n tbe vapour of NH, irom it being quite aufticient to throw it into 
tetanus. Nervs, on tbe other hand, is not excited b; it. Prove tbis by dip- 
ping tbe fresbly cut end of tbe aciatio nerve of a gastroonemiua preparation 
into the solution, taking care that tha muscle is tborouglily protected from 
tbe vapour by folds of blotting-paper moistened with normal saline solution. 
It is best, too, to hold the watch-glass of ammonia solution above the level of 
tbe muscle, and to lift up tbe nerve by a fine glass rod bent into tbe form of a. 
book, and thus dip the cut end of tbe nerve into tbe solution. No contrac- 
tion of the gaatrocnemias results, but tbe nerve ia not unaffected, fur it will be 
found that tbe part which has been exposed to the fluid, if tested by electrical 
stimuli, has been killed. 

Experiment 5. — Kfiline'a Curare Bxperlment.— Pin down two strips of 
copper foil upon a flat plate of cork with their ends about 4 cm. apart, and join 
them by a strip of blotting-paper moistened with OdS per cent. NaCl solution. 
Connect tbe copper strips to the secondarycoilof an inductorium arranged for 
tetanising. Prepare a aartorius and cut it transversely into five pieces of equal 
length, and arrange these in series upon tbe strip of moist blotting.paper. 
Starting with tbe secondary coil at some distance from tbe primary, send teta- 
nising shocks through tbe preparation, gradually increasing ibe strength of the 
'mulation until at last one is found which causes the three middle pieces of 
} sDrtorius to contract while tbe npper and lower ends remain quiescent. 
Increase tbe strength of the stimulation still farther, when the two terminal 
pieces ore also thrown into contraction. If a curarised sartorius be employed 
all five pieces go into tetanus at once, viz. when the stronger stimulus wl " ' 
was required to tetanise the two terminal pieces in the first experiment 
reached. 

The difference in behaviour of the five pieces is due to the fac 
that the two ends contain no nerve terminals, while the thre 
centre-pieces do, and as was seen from a previous experiment (eia 
periment 2) muscle is less excitable than nerve. 

In addition to these experiments other facts are known tendin 
to show tbe inherent excitabiUty of muscle. Nerve, for instance, i 

cited by stimuli which are arranged at right angle 

direction of the fibres, it being necessary that the stimulus or part o 

it should pass in the same direction as that of the fibres. Muscle, < 



As 

irv&.^^J 

% 



INDEPENDENT MUSCULAR EXCITABILITY 79 

the contrary, is qnite as excitable to stimuli in a direction transverse ' 
to the muscle fibres as to one paraLel to them. Nerve again is 
especially sensitive to currents of very short duration, whereas muscle 
will not respond unless the duration be sufficiently prolonged. A 
curarised muscle is much less sensitive to shocks of short duration 
than a non-curarised one. 

In a further direction Eiihne showed that chemical stimuli which 
were particularly irritant to muscle (such as NH^ or very weak HCI) 
were equally effective to both curarised and non-curarised muscles. 
If a strong constant current be sent through a nerve, it is found that 
the excitability of the nerve in the part immediately surrounding the 
anode is very greatly diminished. Kiihne utilised this to lower the 
excitability of the nerve fibres in a sartoriua by throwing a constant 
current into its nerve, placing the anode close to the muscle. A muscle 
thu8 treated was found to he just as excitable to ammonia or weak 
hydrochloric acid, whilst those forms of stimuli, such as glycerine, 
which act on nerve only, are now without effect, or only produce one 
when the excitation becomes excessive. 

If the nerve supplying a muscle be out and allowed to degenerate 
for some days, the response of the muscle to electrical stimuh becomes 
considerably modified ; while the intra -muscular nerve endings are 
intact the muscle responds more readily to induced shocks than to 
the constant current, whereas when these terminals have degenerated 
the reverse is found to be the case. This change of condition is 
esplicable on the fact already tested in experiment 2, which shows 
that nmscl^^much less excitable to currents^ of short duration than 

^^M In our experiments up to this point, we have as a rule employed 

^^M an induced shock whenever we wished to stimulate a muscle or its 

^^M nerve, but we have also seen that a muscle is excitable to thermal, 

^^B mechanical, and chemical stimuh as well as to electrical. We have 

^^p now to consider the response of muscle to electrical stimuli other than 

^^M induced currents. We found that muscle was less escitable to induced 

^H currenla than nerve, and this is found to be due to the very short 

^H duration of these currents. 

^H If a constant current of sufficient strength be sent through a muscle- 

^^M a contraction occurs at the instant of make of the current and again 

^H at the instant of break, but no effect is as a rule produced during the 

^H passage of the current. These two contractions are different, not only 
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in amount, but in that they atail from different poinds. Calling t 
electrode at which the current enters the muscle the anode, and that^ 
at which it leaves, the kathode, it is found that on make of the current 
the contraction starts from the kathode and thence spreads over the 
muscle, but that on break the contraction starts from the i 
This very important point in the response of muscle to an eleotrioa 
current can. be shown by the folloi,ving experiments : — 



Experiment 6, — Dissect out a Hortorius and fis it to record i 
mentfl as shown in fig. 71. The muBcle ia lightly clipped betwean t 
pieces of cork c and d at a point near its tibial end. A line thread ii 
round tbe tendon at that end and attached to a crank lever, l. Two pins ore 
passed through the corks c n, and by these the muscle is fixed to the myo- 
graph plate. The remaining longer piece of the muscle is connected to two 
electrodes (unpolarieable, see p. 88) a and b, which are connected to a con- 
stant current through a Fohl's commutator with cross wires, so that tbe 
direction of the current may be reversed. The muBcle is clamped bo tightly 
by the corks that it prevents any movement at a or b pulling on tbe piece of 
sartorius h to the left of tbe cork clamp, and bo moving the lever. It is not, 
however, so tightly clamped as to prevent a wave of contraction passing 
across from the piece s' to the piece s. If now a contraction start at one 
instant from a, and passes as a wave along tbe muscle to s, a longer interval 
will elapse before a begins to contract and raises the lever than if the con- 
traction started at b and had only a short piece of muscle to trav^ alone^ 
p before it reached a, "" 

experiment now d 
in measuring tbe lateiq 

periods of four o 

two, one at make, the 
other at break of a con- 
stant cinrent when the 
current passee &om a to 
B, i.e. when the anode is 
at A, and two when the 
current travels &om b to 
A, i.e. when the anode ia 
at B. To record tbe in*.^ 
a signal included in the prii 
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Btants of opening and closing the 

circuit is arranged to record its movements directly beneath the myograi 
lever. This doea not give ns an absolutely accurate measurement o' 
latent period because there is a latency in the signtJ ; but as this is tbe 
* i aU four cases thia does not matter, for we only require to 
tcet in the latent period. 



It will he found that make of the ascending current (anode at i 
and break of the descending current {anode at A) have practically th( 
same latent period, and both are greater than those on break of t 

ending current or make of the descending current, which u 
turn are practically equal in value. 

Hence it is argued that the contraction on make of an ascendi 
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■cnrrent starts iigm a, and of a desceoding current from b, in both 
cases the kathode ; and, on the other hand, that the contraction on 
break starts from b with an ascending, and from a with a deacending, 
current, these two points being the anodes in the two cases. The 
tLfferences are more clearly seen if the muscle he fatigued. 

Experiment 7. — SnKeliaH,nii>H experiment. Curarise a frog, dissect out 
its sartorins, and saspend it by its pelvic end. Arrajige two 'electrodes to 
send a cunent tianEveisely across tiiis end. On closing the current the free 
«itd moves towards the kathodic side of the muscle, on opening towards the 

Experiment 8. — Prepare a sartorius from a curariaed frog that has been 
previonsly kept at a low temperature for some hours. Plttce it on a pair of 
unpolarisahle electrodes. On closing the cturent the muscle passes into 
tetanus, and if the muscle be carefully observed, it wiU be seen that the only- 
part in persistent contraction is that around the kathode. On opening, the 
muscle also conuponly passes into tetanus, but in this case the contraction 
is limited to the. region of the anode. This experiment is all the more 
striking if Biedermann'8 plan, of striping theaartonus transversely with black 
hues made by a bristle dipped in china ink, be fiilopted. The region in 
contraction is then clearly marked by the approximation of the black lines. 
The non- contracted part is seen to be stretched out, either hy an actual 
stretching due to the contracted part pulling on it, or due to an active 
relaxation in that region. The latter is probably the main cause, as is well 
exemphfled by the following experiment. 
^^H Expervment 9.—k. frog is pithed and its heart exposed. One electrode 

^^L is now placed on any jiart of the body, and the point of the other, which 
^^H should be a fine wire, is applied to the heart. If the electrode on the heart 
^^^V be the anode it will be seen that at each contraction the part around the point 
^^H touched does not pale like the rest of the heart, i.e. that region does not con- 
tract but is inhibited. Conversely, if it be the kathode, it is seen that that 
spot remains pale during relaxation of the heart, which means that those 
obres immediately affected do not relax properly. This latter point is not so 
«a8y to make out as the former. 

■ Folarisation of Electrodes. — If a pair of clean platinum wires be 

immersed in water, and a current sent through them for a time, it is 
found that both of the platinum terminals become covered with buhblea 
of gas. That one in connection with the negative pole of the battery 
is covered with hydrogen, and the other with oxygen. If now the 
battery be removed and the two electrodes comiected to the two 
terminals of a galvanometer, it is found that a current is shown by 
tbe galvanometer, which has a direction, in the galvanometer circuit, 
jtom the electrode covered with oxygen to that covered with hydrogen. _ 

Kit 1b, in other words, in the reverse direction to that of the initially ^^H 
employed current. The production of this state at the electrodes is ^^H 
spoken of as polarisaticni of electrodes. The same usually occurs, ^^H 
though to different degrees, if solutions of salts be tested instead of ^^^ 
distilled water, and no niatter what metal the electrodes are made of. I 

Segnault discovered, however, that if the electrodes were mode of J 



EXPERIMENTAL PHYSIOLOGY 



immersed was a stronp 
ccuired ; and the same 
ic if its surfatjes were 

imal tissue comiects a, 
urs. Chemical cl 



pare zinc , and the solution in which they weri 
toHW^q of zin^u^h^^, that no polarisation 
was found to be the case with less purified z 
thoroughly amalgamated. 

If instead of a solution a piece of fresh a 
pair of wire electrodes the same polarisation oc 
are set up where the wires touch the tissue which can act in the 
reverse manner, and set up a small current if the battery be removed 
and the electrodes connected by a conductor. This acts as a source 
of fallacy in many experiments, and becomes of great importance 
where we are dealing with a very excitable tissue, such as nerve. 
The existence of this polarisation current may be proved, as in the 
previous example, by sending it through a galvanometer ; but we are 
also able to show it by its effect in exciting a nerve, as in the following 
arrangement : — 

Experiment 10. — Arraage the appftratua as shown in fig. 72, open the key 
K, and close the key k,. The current is thus sent through the nerve by the 
electrodes e, which it will polariee. Note that tbere is no contraction during 
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the time the ourrBnt is passing. In about a minute open k, and then rapidly 
close and open k,. when contractions will occur which are due to the closure 
and opening of the amall current set up by the polarised eleetrodes. The 
contractions rapidly diministi in amount as the nerve becomes depolarised. 

This experiment illustrates the necessity of avoiding this polarisa- 
tion, if it be possible, when we are experimenting upon nerves or other 
excitable tissues, and Du Bois-Eeymond utilised Regnault's discovery 
for making electrodes which would not show this defect. In hia 
original form (fig. 73, 1) each electrode consisted of a zinc trough on an 
insulating vulcanite base, the outer surface being thoroughly varnished 
and the inner well amalgamated. Into this a thick pad of filter 
paper thoroughly soaked in a saturated solution of zinc sulphate is 
fitted, and the part of the pad lying in the trough is then covere " 
with the saturated zinc sulphate solution. If, now, the piece of tisai 
be placed between two such pads the ainc salt rapidly product 
oon'osive effects, and the tissue is rapidly destroyed. To prevei 
this, Uttle masses of china clay worked up into a stiff paste i 
normal saline solution are used, upon which to rest the tissue a, 
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connect it with the electrodes. These do not cause any polariaation, 
and at the same time are fairly good conductors. They are spoken 
of as clay-guards. In many cases this form of electcode is too large, 
and it becomes impossible to bring them into contact with any two 
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desired points of the tissue to he esperinaented upon ; and to over- 
come this many forms of electrode have been employed by different 
workers. Some of these are shown in the accompanying figure (73). 



I 



J inch Rotate thia with i 
ing it oat uniil the central, part becom 
out slightly and allow to cool Cut tt 
through the centre of the conBtncteii 
part and round off these ends in a 
flame The bore at this end should 
now be about ,„ inch Cut the tubes 
BO that thev are 2^ inches long and 
round off the upper ends in a Hame 
ThiH glass tube ib shown at c tig 74 
Take a cork and bore half through it 
with a cork-borer of such size that the 
npper end of the glass tube is held firmly 
in (he hole bored. With a fine bradawl pierce the cork from the upper end, and 
tiaa will remove the lower bored piece of cork if that has not already comeaway 

03 




' Fio. 74. 



84 EXPERIMENTAL PHYSIOLOGY 

inside the borer. Solder an insulated wire to one end of a straight piece of pure 
zinc wire of about three inches length, and then thoroughly amalgamate the 
zinc wire by dipping it into the amalgamating fluid and rubbing it on a 
clean duster. Now pass the zinc wire through the hole in the cork made by the 
bradawl until it projects well on the lower side. Next take some powdered 
kaolin and make it into a stiff clay with normal saline, and force a little of this 
up the constricted end of the glass tube to act as a plug to close that orifice. 
Then flU the tube with saturated zinc sulphate solution, and flt it into the 
large hole in the cork, so that the zinc wire dipd into the solution. All that is 
now required to complete the electrode is to flx to the lower end a plug of 
china clay whose apex may be moulded to any desired shape (see flg. 74), 
In many cases it will be found convenient to flx in the centre of this china- 
clay guard a coarse thread soaked in normal saline, which can then act as 
the terminal part of the electrode. These electrodes can be kept, and all 
that they will require at a future time is a fresh guard of clay, when they wilj 
at once be ready for use. 

Experiment 11. — ^Arrange the apparatus exactly as in experiment 10, 
fig. 72, but employ these electrodes in the place of the wire ones of that experi- 
ment. The nerve does not now become polarised. 

Great as is the importance of using unpolarisable electrodes when 
a current is to be sent through a nerve, their use is of still greater 
necessity when we require to examine the currents produced by a 
tissue, and for this purpose are making use of a sensitive galvano- 
meter. 




CHAPTER VIII 



SOME EKPEKIMENTS TO DETERMINE 1 



UNCTIONS OF NERVE a 



In examining the functions of a nerve we have two main methoda 
which we may employ, section and stuindaliuii. 

By section we can observe the loss of function resulting from tho 
loBB of impulaee normally passing along it. 

By stimulation we can observe the converse effect, i.e. the production 
of some functional activity, such as a muscular movement, secretion 
of a gland. &e., when impulses are sent along the nerve. 

The two methods of experimentation illustrate the two great 
physiological attributes of a nerve, viz. conductivity and excitability. 
Section teaches us the function of a nerve by observation of the 
results of interrupting its conductivity at some spot. Stimulation 
makes use of its property of excitability to give us knowledge of the 
results of impulses travelling along the particular nerve. 

We have already made use of a nerve's excitability in our esperi- 
menta upon muscle, and in our study of the variations of function of 
a nerve under different experimental conditions motor nerves are 
generally employed, because the muscular response enables us to readily 
determine small changes in the nerve's activity. 

As conductors uervea carry impulses either to or fi-om the central 
nervous system, i.e. they are afferent or efferent in function. At their 
entrance into the cord, the spinal nerves divide into two roots, 
anterior and posterior, the former carrying only efferent, the latter only 
afferent impulses. Show this upon the frog by the following 
experiment : — 

Experiment 1. — Decapitate a frog and cut away the upper third of the 
vertebral colnmn. With a line pointed pair of sclsnors out away the lamme 
of the remaining vertebrte, taking great care to avoid in inriag the spinal cord. 
This brings to view the cord in ita lower part with the large roots of the 
nerves which form the sciatic plexnH. To see the anterior roots, the poaterior, 
which cover them np, must be displaced, (i.) Lift up the largest posterior 
root with a seeker and pass a silk thread under it. Tie this close to the 
cord and cut through the root between the ligature and the cord. Note that 
on tying and ou section irregular movements of the limbs are caused which 
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vary, however, according to the degree of atimnlation. Place the peripher 
end upon a fine psir of electrodeB and etimulate. There is no mnecolar con- 
traction. 

(ii.) Place a aecond ligature round another posterior root, this time tjicg 
as far frotii the cord aa possible, and cut through the nerve peripherally to the 
l^atcre. Stimulate the central end, i.e. the part still attached to the cord. 
The limbB aie thrown into convulsions, more or Icse marked and e)itODBive 
according to the strength of the stimulation. These two stimulations prove 
that the posterior roots contain no efferent, but do contain afferent 

(iii.) Cut thiough ail the posterior roots of that side. Anj* mechanical 
stimulation to the skin no longer produces movements of the legs, though 
stim.ulation of the sJjin of the opposite leg will produce movementB in 
both. 

(iv.) The section of the posterior roots brings the anterior into view. By 
placing ligatures round two of these and tying (a) near the cord and (b) near 
the junction with the posterior root show that stimulation of the peripheral 
end leads to contraction of muscles, but stimulation of the central end produces 
1)0 effect. The anterior root therefore contains efferent but no afferent 

(v.) Cut through all the anterior roots, and then show that no movement 
of that leg can now be produced by stimulation of the skin of the leg of the 
opposite side. 



STIHTTLI wMch affect a nerve may be classified as follows 

1. Thernial. 
Experimejit 2.— Make a nerve muscle preparation and touch the 

end of the nerve with a copper wire which has been heated for a few 
moments in a Bnnsen flame. The muscle contracts. That heat should 
act as a stimulus it is necessary that the temperature should be hi^l 
If heat be gradually applied it will kill without stimulating. 

2. Mechanical. 
Ex-perimant 3.— To produce mechanical stimulation cut through 

the nerve used in the previous experiment just below the point to 
which the hot wire was applied. The muscle contracts, thus showing 
that the mechanical process of cutting has stimulated the nerve, In 
the next place, pinch the upper end of the nerve and show that this 
also acts mechanically as a stimulus. Show also that the 
be stimulated by giving it a sharp tap with the edge of the handle of 
a scalpel, thus pinching it between the scalpel and the solid snppoitri 
upon which it rests. 

3. Chemical. 
Esiperiment 4. — Take a nerve-muscle preparation and lift up the 

nerve on a glass rod bent as a hook, so that the cut end of the nerve 
hangs down. Touch the cut surface of the nerve with a drop of a 
-8 per cent, KOH solution in normal saline, held in a watch-glass. 
With each contact the muscle contracts, and, if the nerve be immersed 
a little time, passes into an irregular tetanus. Cut away the piece 
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of nerve tbat has been in contact with the flnid. The mnsolfi 
relaxes. 

Experimmt 5. — Next immeFse the cnt end in a drop of methylated 
spirit. This, too, canaes contraction. 

Experiment G. — Repeat, usin^ a solution of 15 per cent. NaCL 
The same result is obtained. 

There are very many substaneea which excite a nerve chemiqally. 
Of these we may mention glycerine in strong solutions, solution of 
lactic acid, bile salts, or mineral acids i£ not too dilute. Substances 
which kill but do not escite are basic or neutral lead acetate, 
chromic acid, copper sulphate, ammonia, Ac, 

4. Electrical. 

Stimulation by an electrical current has already been frequently 
«mployed in the experiments upon muscle, when we used indirect 
stimulation. 

THE EFFECTS OF THE OONBTANT OURBENT 
UPON NERVE 

Employing a current of medium strength, e.g. one Daniell, the 
usual result is that a twitch occurs at make and break of the current, 
tut that during the passage of the current the muscle remains quies- 
cent, i.e. the nerve is not stimulated. But this is not universally 
I true, for if the nerve he very irritable, there may be produced a tetania 
■contraction the whole time the current is passing. This can always 
be produced if the frog from which the nerve muscle preparation is 
taken has been kept for a day or two at a low temperature, between 
0° C. and 10° C. A tetanus at make or break is especially liable to 
occur at the make of a strong descending current, or the break of a 
strong ascending current, wherR by an ascending current is meant 
one in which the direction of the current in the"nei'v'e 'Is from the 
muscle towards the spinal cord, and by a descending the reverse. 
This condition is spoken of as Bitter's tetanus. A Bitter's tetanus at 
break of an ascending current may be stopped by closing the current 
in the same direction, or may be increased by sending in a current 
in the reverse (descending) direction. Therefore, as a general rule, 
the nerve is not stimulated during the whole of the time of passage 
of a constant current, but only when the strength of the current is 
SuddgBi^a^yiied- It follows that when we were using induced shocks 
the excitation was in reality double, but the two stimuli followed 
one another at such a short interval that the effect on the nerve 
was the same as a single stimulation. Though the uerye Is not 
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being stimulated the whole of the time the current is passing, s 
we can show that its co ndition is altered - This altered state, due to a 
I current, is spoken of as etec(roisauu, and its efifect i 




1 alteration in the two physiological properties of 
nerve — its conductivity and its excitability. The alteration is different 
in the parts of the nerve in the neighbourhood of the two points at 
■which the current is sent in and taken out of the nerve, i.e. the anode 
ani'kathode respectively. The condition of the nerve in the m 
bourhood of the anode is termed anelectrotonus, that in the ni 
bourhood of the kathode katelectrotowus. 
1. Changes in excitability. 
Experiment 7. — Test the changes in crcitabiUty in the following 
nuuiner. Arrange the primary and secondary coils for giving single indnced 
dioolCB {left half of fig. 75), using a pair of fine wire electrodes, e,. Fit up a 
'pola/nting ' circuit with two batteries, a mercury key, k.,, and a mercury 
commutator with t^ross wires, k,. To the commutator attach a. pair of un- 
polarieable electrodes, e^, irigbt half of fig. 75). Dissect out a nerve muscle pie- 
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paration, taking the whole length of the nerve, and being 
it during the dissection. Fix the gaetroenemius in the crank myograph 
place the nerve across the unpolarisable electrodes. Place the wire ( 
trodea under the nerve at a point just below the unpolarisable electrodeitl 
nearest the muscle. 'With the key k.^ still open, move the secondary coil 
such a position that the muBcle gives a small .twitch on break of 
primary circuit. Record the height of this cwitcb on a stationii^ 
Move ^e drum aUttle by hand and close the polarising circuit. Note thafr' 
the muscle gives a twitch. Again stimulate the nerve with a break shoelc*' 
and record the twitch. It wilt be found that either the twitch 
height or even absent, or that it is of greater height. Now 
direction of the constant current through the nerve. If the twitch has been 
prevented or diminished, it will be found that the ciurent ascends along the 
nerve from muscle towards vertebral end, and therefore the part of the nerve 
stimulated is in anelectrotonus. If, on the other hand, the twitch has been 
increased in height, it will be foimd that the electrode nearest the nerve is 
the kathode. After obtaining one of these two results, reverse the direction 
of the polarising current by the commutator k,, wheu the second result will 
be obtained 
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Ewperiment B. — Bepeat the pre ge ding esperimeiit, but tetanise tha 
nerve at the spot to he tested iustead of giving it a aingle Btimulua, The i 
shoolta used should be juat above minimal stimuli. Eecord the reaultB obtained ' 
on a slowly moving drmn. It will be found that if the spot Blimnlated be in | 
anelectrotonua that the oonttoetion on tetanieation is either abohahed or 
diminished ; if, on the other hand, it be in kateleotrotonus, the contraction ia 
increoEed. 

These experiments show that a piece of nerve in anelectrotonuB is 
lesaexcitable than normally, for it does not give soTS^^^con- 
tractionTatid, on the other hand, the state of katelectrotonus is oharao- 
terised by an increase of escitaJjjlji^. These same results have also 
heen confirmed by other modes of stimulation, both mechanical and 
chemical. The latter can very easily he shown by the following 
esperiment : — 

Experiment 9, — Instead of using the eeoondary coil for atimnlating, 
paint the nerve with a 10 per cent, solution of NaCl at a apot between the 
lower electrode and the muscle. In a short time the muscle is set twitching 
by the etimuhis. Arrange the polarising circuit to give an ascending current 
and dose the iiey v.^. The twitching ceasea. fieverse the key, ao that tha 
kathode ia now nearest the muscle. The twitching becomes more marked. 
Eecord these results on a slowly moving drum. 

By varying tho course of experiments of this kind differences have . 
been made out in regard to the degree of change of excitability 
and the time it lasts. The katelectrotonic increase of excitability 
reaches its maximum height dir^tly after the closure of the cun-ent, 
and then gradually decreases whilst the anelectrotonic C 
develops and extends much more slowly, its maximum being rt 
some time after closure. The amount of change of excitability, aa 
measured by the amount of contraction, produced by a stimulus of 
fixed strength is found to vary considerably v?ith the strength of the 
polarising current. As the escitahihty is increased around the kathode 
and decreased around the anode, it follows that there must be one 
spot between anode and kathode at which excitability remains 
unchanged. This is called the indifferent point. The changes of 
excitabilityareconvenientlyrepresenteddiagi-ammaticaUy, asinfig. 76. 
In this figure the abscissa line g i is taken to represent the nerve, and 
the polarising current is supposed to enter at a and leave at K. An 
increase of eseitability is represented by an ordinate above the 
abscissa, a decrease by one below. With a weak current the changes 
in excitability are represented by the curve anbrc, which means 
that at the point vi of the nerve the excitability is decreased to an 
amount represented by the vertical m n. At the point p it is increased 
by an amount represented by p r. Similarly for all other points 
between a and c. The indifferent point is at b, which ia seen to be 
nearer the anode a than the kathode k. The changes in exoitabihty 



flO 



EXPERIMENTAL PHYSIOLOGY 



are also seen not to extend far beyond the anode and kathode. 

a stronger polarising cuiTent the changes are represented by the 

curve def. The indifferent point has moved towards the kathode; 

the changes are relatively greater and extend over a longer piece of 

nerve, (f/. With a still stronger current the changes are reprea 

the curve g hi in which the indifferent point is still nearer the kathoc 
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and there is a further it 
nerve involved. 

Immediately after opening the current these changes are for a 
short time reversed, the excitability in that part of the nerve which 
was in anelectrotonus is increased, in that part previously in katelec- 
trotonus decreased. These reversed effects gradually disappear. 

8. Changes in conductivity. 

Experiment lO.^Arrange tlie apparatus aa in flg. 75, but place 1 

poJarieicg electrodea near the muscle and the exciting electrodes at the oppor 
end of the nerve. Tetanise the nerve, ajid while the oontrnetion atill con- 
tinues close the polarising current. The tetaniis ceases. Repeat, but 
instead of tetanising apply a crystal of salt or a drop of strong salt aoludon Co 
the out end of the nerve. The twitchings caused by the salt can be stopped 
by throwing- in the polarising current. The same effect is produced whether 
the polarising current be ascending or descending. The polarising current baa 
acted as a block, i.e. the nerve at that part has had its qonduoMvity depreased. 

The change of conductivity has also been studied by observatio 
of the rate of transmission of a nerve impulse along a piece of nen 
in anelectrotonus or in katelectrotonus, and further by ohaervatioi 
of the changes of strength of the negative variation ' as it travels a' 
the nerve. Such experiments showed that for all currents, est 
the ^(giilMBt, conductivity was depressed in both the katele otrt^ 
and anelectrotonic states. 

POLAB EXCITATION OF NEETE 

When stimulating a muscle by the constant current wa~l 
that the stimulation at make started from the kathode and i 
' For the explanation of the tenii negative var 
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break [rom the anode, Etnd the same is found to be the ease with 
nerve. As in the analogous experiment upon muacle, the starting 
points of the two excitations have been determined by time measure- 
ments of the two latent periods of the make and break contractions. 
The electrodes are separated as widely as possible ; then if the stimulus 
start from the upper electrode, the latent period should he longer 
than if it started from the lower. Experimenting in this way it is 
found that if the current be ascending, the latent period of the contrac- 
tion on make is longer than that of the contraction on break. From 
this we infer that the contraction on make starts from the upper elec- 
trode, i.e. the kathode, and that on break from the lower, i.e. the anode. 
A converse result ia found for a descending current. 

We may also state the tact of polar excitation in the following 
way. The production of katelectrotonua and the disappearance of 
anelec trot onus stimulate a nerve. Or, again, the passage of a nerve 
from a condition of lesser to one of greater eseitability stimulates it. 

In examining the effect of opening and closing a constant current 
through a nerve the results obtained are found to vary with the 
strength and dii-ection of the current, and to study these variations we 
must possess some means of conveniently varying the strength of the 
constant current. This ia afforded by either of the two follovring 
pieces of apparatus : — 

The monoohoid is an application ofthe principle of the deriving circuit and 
is employed for varying the strength of current to be sent through a nerve or 
other tissue. Fig. 77 Dlustratea the method of using a monochord. A 
current ia sent through a, stretched wire, a b, which must not be of too 



I 



low resistance. The t 
connected, one to oi 
the wire, the other I 
tact, S. Supposing h 
be bridged by a 



(■o electrodes . 
terminal, i., of 
a. movable con- 
7 the electrodes 
the key 
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K is closed the current on reaching a I 

divides, part passing along a s, the'' other 

through the nerve. The am 

current passing through the : 

inversely proportional to the resistance 

of that part of the circuit, and directly 

proportional to the potential difference 

between a and s. If s be brought nearer to a this potential difference is 

decreased in direct proportion to the distances between a and s in the two 

positions. Where, as in the case we are considering, the resistance in t^e 

I nerve circuit ia very high, and therefore the resistance of a a may, in com- 
parison, be neglected, the current through the nerve is directly proportional 
to the potential difference only, i.e. is measured by the lengtlt a s. 
If we wished to know eiactly the value of this current, it is necessary to 
measure the resistances of the nerve circuit and of a b, and &om these the 
total amount of current can be oaJculated. For moat purposes, however, it is 
Bullicient to state the current strength aa measured by the lengths between a 
and 8 in different positions. 
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Fig. 78 shoWB a monooSiord fitted foi comenieace on a smiuU baae, 
■ I wound in a zigzag round pegs ita two ends b 
attached to the binding sctews a 
B The electrodes are conne 
to K and the mo^able contact 4 
la the batterj tu-cuit a i 
ttmniutator i} with eroas wiibb 
IS 11 terposed so that the direction 
of eurrent can be readily reversed. 
4 key k is also mserted, so that the 
curre it can be clo'<ed and opened as 
ro quired. 
, Another isBtrument that is &e- 
quentlyused for varying the strength 
of current is the nieaobora. This 
consists, in its simplest form, of two 
wires, g'Aands^B (fig. 79), stretched 

Earallel to one another on a wooden 
ase. To the ends, s' and a', binding 
screws are fixed, and the wires are 
. connected by a metal slider, c, which 
can be pushed along the wires. In 
the figure it is reprBsented connected to send a branch current to a pair of 
unpolarisable electrodes across which a nerve lies. A battery cnrrent is 
through the vheochord, a commutator, k,, being interposed, and a key I 
making and breaking the circuit at Kj. The current on teaching a' " " 
passing through the rheoohord to 3- or through the \ "" 
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pasaiog through the nerve varies directly with the resistance of it 

circuit, the rheochord. By increasing this resietance more current is sent 

through the nerve, and on diminishing it less. 

In more complex forms of the instrument the range of the rheochord ia 
increased by adding other wires by means of which more rEsietance can be 
thrown into the rheochord circuit than can be reached bj' the single pair of 

Suppose, for the sake of example, that the resistance of the electrodes and 
'e is 100,000 olims, and the resititance of the rheochord 5 ohms ; then 
^g of the total current passes through the rheochord, and ysfhnrs throt^h 

EirpeTiment 11. — Fit up the apparatus ae in fig. 79. Attach the muscle 
to a myograph lever and arrange it to record twitches on a stationary drum. 



pflOger's law 

start with the slider c close to the Hcrewa e,, s.., in which position thecarrent 
through the nerve is practically nil. Open and close the circuit by the key 
Kj. With this very weak current no contraction occurs on make nor on break. 
Arrange the commutator k, to give an ascending current, and slide c a little 
further aJong the wires, so as to increase the current through the nerve. At 
a certain position of the slider a contraction will be obtained at make but 
none at break. Reverse the current. The same result ia obtained. A 
current of this length is spoken of as a weak current. It will vary in strength 
according to the excitability and electrical resistance of the particular nerve 
experimented upon. Increase the current still further, when contractions 
will occur on both make and break of ascending and of descending currents. 
A current of this strength is spoken of as a current of medium strength. 
To complete the series remove tjie rheochord and attach the electrode wires 
directly to the commutator. It will usually be necessary to further increase 
the strength of the current to four, six, or even eight cells. Increase the 
current till one is found which gives a contraction on make only of a descend- 
ing, and on break only of an ascending current. Such a current is spoken of 
as a strong current. 



The result of this experiment may be arranged in tabular form, 
I and the statement of results is commonly termed the law of 
• contraction. (Pfltiger's Law.) 




^H trotc 



This ' law ' can be explained on the basis of the facta we have 
already studied with regard to changes of excitability and conductivity 
brought about by the constant current and by our knowledge of the 
position at which excitation occurs. Thus, the results with a weak 
current mean that the production of a certain degree of katelectrotonus 
can stimulate, whereas the disappearance of the anelectrotonus pro- 
duced by precisely the same current cannot stimulate. If the kathode 
be nearer the muscle (descending current) there ia nothing to prevent 
the impulse reaching the muscle when the stimulus starts from the 
kathode. The muscle therefore contracts on closing the current. 
When the current is reversed the stimulus now has to travel through 
the intrapolar piece of nerve, and through that part in anelectrotonus. 
In both thesegartg the conductivity is diminished but not sufficiently 
to block the 'PIP"'*" The muscle therefore contracts. An exactly 
explanation holds for a descending weak current. 

With ciurents of medium strength the disappearance of anelec- 
trotonuB can stimulate. At make of a descending current the stimulus 
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starts from the electrode nearest the muscle, and there is Bothin 
tending to block its transmission. On break the stimulus startafrom" 
the upper electrode. There is nothing which prevents it reaching the 
muscle, for the diminished conductivity round the kathode disappears 
as Booo as the current is broken. With an ascending current on 
make the stimulus starts from the upper electrode, and as with this 
strength of current the block at the anode is only slight, it reaches 
the nauscle which contracts. On break the stimulus starts from the 
lower electrode, and there is nothing to prevent it reaching t 
muscle. 

With a strong descending current on make the stimulus ( 
from the lower electrode, and therefore leads to a contraction, 
break the stimulus starts from the upper electrode, and has to trayel I 
through a piece of nerve whose conductivity Is strongly c 
sufficiently so to block the impulse, and no contraction results. 
With an ascending current the impulse at make starts from the upper 
electrode, hut is blocked by the strong depression of conductivity 
around the anode, and therefore does not reach the muscle. On 
break the stimulus starts from the lower electrode, and therefore 
causes a contraction, as nothing prevents it travelling down to the 
muscle. 



THE VELOCITY OP A NEKVOU8 IMPULSE 

Just as we found that if a muscle be excited at any point the con- 
traction begins there, and then spreads in a wave-like manner over the 
remainder of the muscle, so too it is found for nerve that an impulse 
started at any point travels along the nerve as a wave of excitation. 
This is brought out most clearly by a study of a motor nerve, in 
which we determine the latent periods of two twitches in one of which 
we stimulate the nerve close to the muscle, in the other at some 
distance from the muscle. Any difference of time in these two 
measurements must be due to the time occupied by the impulse in 
traveUing from the one point to the other. The method of carrying 
out the experiment is as follows : — 

Experivienl 12. —Arrange the apparatus for recording a aimple twitch, 
but with the drum arranged to rotate at aa fast a rate as possible. Dissect 
out the gastroonemiiia and the whole of the seiatic nerve up to the vertebrre. 
Place two pairs of electrodes under the nerve — one pair near to its 
entracce into the muscle, the other at its further extremity. Connect these 
electrodes b' and b' to the tenninals of a Pohl'B ooinuiiitaEor without croas 
wires, as in fig. BO. Interpose a Du Bois key between the secondary coil 
and the remaining terminals of the commutator. The secondary circuit can 

this way be connected up to either pair of electrodes, e' or x?, bv 



veTjOCITY of a nerve impulse 



tnrnins; the rocker into the proper positio 



Take two simple twitches, 



. uu>/ „.jr the other, Btimulating the nerve (a) at b' arid (6) at 
le tracing under the record. 




A tracing obtained in thia manner is shown in fig. 81. It is seen 
that the latent periods differ in the two cases, the second one being' 
longer than the first. This difference in time can only be accounted 
for by supposing that the ajolecutaf ^J^ggas started in the nerve by 
the stimulation require time for their transmission along it. In the 
figure o is the point of stimulation, b is the instant at which the 
muscle began to contract with the electrodes in the first position, and 
c when they were in the second position. The time tracing is at the 
rate of 100 vibrations per second, and on measuring it is found that the 
length between b and c corresponds to a time of 000369 sec. The 
length of nerve between the two positions of the electrodes was 
74 mm. Hence the impulsB would in one second travel ^.^ = 200-54 



^^K mm. 

^H it -1 

^m the SI 

^M total 



■: ib) S 



'■ TRACISd, 100 Fl 



mm. per sec. In this experiment, then, the velocity of the nervous 
impulse was 20'05 metres per second, In an experiment of this kind 

is very important that the recording surface should travel at exactly 
rate when the two twitches are taken. Hence it is better 

take the record upon a pendidum or spring myograph, or two quite 
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separate twitches, each with its own time tracing, may be recorded, 
and the difference between the two latent periods can then be 
calculated. 

The velocity of a nervous impulse varies considerably in different 
animals and under different conditions. For the sciatic of the frog it 
is found to vary from 2 to 30 m. per second, the chief variation being 
caused by differences in temperature, the rate being considerably 
diminished by cooling the nerve. When a very rapidly moving re- 
cording surface is not available for the preceding experiment, we may 
make use of this last factor to delay the rapidity of the nervous im- 
pulse, and so obtain curves which have a sufficient difference between 
their latent periods to make the time measure well marked. 



CHAPTER IX 



THE FIRST STAJ 



n. featiuea of the beat of a frog's heart proceed 



To examine the mai 
in the following way : - 

1, Expose the heart. Pith the brain, leaving the spinal cord intact, 
and lay the frog on its back. Pick up the skin ever the sternum and 
slit it np in the mid line, make transverse incisions on either side and 
reflect the four flaps of skin thus formed. The sternum should nov 
be completely exposed, Uake a. transverse cut through the lower 
cartilaginous piece of the sternum (xiphi sternum), taking care not to 
wound the anterior abdominal vein, and cut through the sternum by 
longitudinal incisions a little on either side of the mijUJsfi^and thus 
remove the central piece. Care is to be taken not to injure the peri- 
cardium which lies beneath. The lateral pieces may now he pulled 
apart. This exposes the heart still tying within the pericardium. 
Lift up the pericardium with fine forceps and snip it through fiota 
the apex of the heart to the base. 

2, Examine the different parts of the heart. Above lie the two 
thin-walled auricles, fig. 
82, their line of division 
not being clearly seen, 
as it is mainly hidden by 
the bulbUB arteriosus, ua, 
which crosses the auricles ^ 
&om below upwards and 
&om right to left. 
Below is the single Ten 
tricle, bluntly pointed, 
and with a well-marked 
groove, the anriculo-ven 
tricolar groove, separat- 
ing itfromthetwoauiicles. 
If the heart be now lifted up by the apex, the lower half 
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venosus, sv, is brought into view lying in the posterior pericardial ^ 
At its junction with the auricle a transverse creaceatic line, white in 
colour, is to be made out, marking the limits of the two cavities. Ban- 
ning from a point in the mid line of the posterior ventricular wall, and 
about 2 mm. from the auricular ventricular groove, is a thin cord of 
fibrous tissue which is attached to the posterior pericardial wall. This 
is the frenum, and contains a small blood vessel. Entering the sinus 
from below is the single large inferior vena cava, whose outline can 
be made out below the pericardium. Replace the ventricle and gently 
displace the two auricles by means of a seeker. In this way the upper 
end of the sinus can be exposed with the two smaller superior vente 
cavee running into them, 

3. Note that at each contraction the ventricle becomes pale in 
colour, and vrith each distension, which occurs very suddenly, the 
ventricle becomes deep red. This change is dependent on the structure 
ofthe heart wall, which has the form of a sponge-work of muscle bundles 
between which the blood passes during dilatation and causes the dark 
colour. With each contraction the blood is driven out of the sponge- 
work, leaving the muscular tissue only, which has a pale colour. 

4. Determine the rate at which the heart is beating by timing it 
with a watch. Make a note of the number of beats per minute. It 
will be found to vary very greatly in different frogs— from 20 up to 
100 per minute, and in some cases even passing these limits in either 
direction. 

5. Make out the course of the contraction as it travels over the 
heart. This is of some little difficulty even when the heart is beating 
slowly. The contraction starts at the siwui thence passes to the 
auricle, then to the vsn_triole, and finally to the bulbus arteriosus, 

■ ~B. RECORD THE BEAT OF THE HEART. One of the most 
convenient ways is that known as the SOSPENSIOK METHOD. Pre- 
pare a lever in the following way (fig. 83). A light straw, s, is selected, 
and near to one end an S-shaped hook is attached by means of a little 
cement. The hook may be conveniently made from a fine entomological 
pin. 3 cm. from the hook the straw is transfixed by a fine needle, n, 
and is then cut of such a length that when the writing point is fixed 
its length from needle to writing point is about 15 cm. The mag ni- 
fication will then be fi vefo ld. 

The last 12 cm. ofthe straw may with great advantage be replaced by a glaas 
writing point. This is made of a piepe of glass tubing drawn out to a fine 
capillary, which is then bent into the form of an elongated triangle, oL, by 
heating it in the flame of a match. The two ends at the acute angle are then 
fused and the knob of fused glass drawn out by another piece of glaas tubing 
into a fine rounded point projecting at right angles to the plane of the 
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triangle. It is then fised to the end of the strnw by a little cement. Such el 
writing point possesses the great advantage of a c on aid erable degree of rigidity 
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n the vertical direction with free flesiliility in the horizontal direction. It . 
s of much less weight than the straw, and owuig to its lightness it is not 
readily broken. Thej are also very easOy find qiiiclil_\' made. 

The needle is now fitted into two fiat brass pieces, a', \', wMch 
slide on a brass rod, it, and have two conical cavities at their lower 
ends to receive the points of the needle. The needle then acts as the 
axis of rotation of the lever, and the hook at the end s hangs down- 
wards. 

Lift np the ventricle, v, of the heart which has already been pre- 
pared and transfix its apex by a sharp-pointed hook, h. Place the frog 
on a cork myograph plate and fix both lever-holder and cork plate on a 
stand, and hook the end of the bent pin fixed to the heart into the 
lower bend of the hook on the straw, b. With the light glass lever it 
will be found necessary to weight the longer arm in order to enable 
it to lift the ventricle np, and so exert a sufficient tension on the 
auricle. The weight w is to be attached by hooking it on to the straw 
point about I to 2 mm. &om the axis. 

Keoord the movements of the writing point upon a drum which 
■honid revolve at the rateof 1 cm. per second, and atthe same time take a 
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chrDnograpli tracing of a spring Tibrating two, fonr, or eight times per 
second (flg. 38). Having recorded several beats, change the rate of 
the drum to ^ cm. per second, and record again. The rate may still 
further be reduced and so a series of tracings prodnced. 

Fig. 84 shows some typical tracings taken by this method, hnt 
from different hearts. In I great care had been taken to avoid any 
loss of blood during the preparation of the heart. We see that there 
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the downward stroke due to its relaxation is more marked than the 
upward stroke of the contraction, which was partly masked by the 
Tcutricnlar relaxation. The rise from b to c is due to the coatraction 
of the auricles. It is at first rapid and then gradually slows. The 
descent from cto d is due to relaxation of the auricles, and from d to 
e is the first part of the ventricular contraction, The processes occur- 
ring just before and at (/ are in two directions. First there is the 
relaxation of the auricles which would allow the lever to descend, and 
secondly there is the ventricular contraction which causes the lever to 
ascend. The actual movement of the lever is the algebraic sum of 
these two movements, and the upward movement of the ventricle soon 
exceeds in amount the fall due to the auricular relaxation. The part 
of the curve from e to / is esjeeially interesting. It also is due to 
the contraction of the ventricle, so that this contraction occurs in two 
stages. The meaning becomes clear if we cut the two aortse when we 
find that the second stage, e to f, immediately disappears. It is also 
only present in tracings produced from hearts which receive a full 
blood supply. It proves that the ventricle at first is able to empty 
itself comparatively easily, and therefore shortens rapidly. At the 
point e, however, the pressure inside is suddenly raised, and the con- 
traction becomes slower. The last part of the blood is ejected with 
greater difficulty than the first. This receives a further support from 
a study of the arrangement of the blood vessels springing from the 
aortte. The first and main part of the blood is sent into the pul- 
monary and aortic arches, which offer a relatively low resistance. The 
pressure here is thus rapidly raised until It reaches such a height that 
it is able to overcome the resistance of the third arches, and blood then 
passes into the carotids. 

In II and III the characters of the beat are somewhat different. 
In III the heart was beating slower than in 11, and it is seen that the 
main increase in rapidity occurs during the systole. The part from a to 
b is the auricular systole ; from c to 1/ the ventricular. The second 
stage ofthe ventricular systole is only faintly indicated in a few beats, 
and in most it is quite absent. In a quite bloodless heart this second 
stage is entirely absent (see, for instance, fig. 100, p. 123). 

7. EXCISE THE HEAE.T. Remove the frog from the myo- 
graph plate and take away the hook from the ventricle. Count the 
number of beats in a minute, Cut through the two aortee close to the 
bnlbUB if they have not already been severed. Lift up the ventriole 
by the apex and cut through the pericardium, so as to expose the 
sinus venosus ; cut through the inferior cava and the two superior cavee 
OS they come into view, and thus remove the whole heart as in fig. G ~ 
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Place it upon a clean glass plate. The process of cutting 

to exert an influence upon the rhytlun. TTanally it is inhi 
space of a few beats and then recovers and beats very rapidly for a 
short time, but qnickly settles down to a regular rate, which, as a rule, 
is slower than that in situ, though the reverse may at times occur, 
When it has settled down count and make a note of this rate per 
minute. Cot away the -sinus at its junction vrith the auricles. The 
effect upon the auricles and ventricle is that they give a series of rapid 
heats and then come to a standstill completely relased. The effect 
upon the sinus is usually found to be inhibitory. It stops beating at 
once, though in a few cases, if care be taken to injure it as little as 
possible, it may continue its rhythm unaltered. After a short period 
both parts recommence to beat, but with quite a different rhythm. 
Count the rate per minute, The auricles and ventricle bgal at a rajher 
lessrapid.tate than the whole heart. The sinus being more injured 
takes longer to recover and beats at a slower rate. If the course of the 
experiment be modified, in that instead of removing the sinus with the 
rest of the heart the incision be made between sinuB and auricles, so 
as to leave the sinus in situ, it is usually found that the sinus beat is 
from the first but little affected, and frequently quite unaltered. Next 
remove the auricles from the ventricle, cutting on the auricular side 
of the auriculo- ventricular groove so that a small edge of auricle 
18 still attached to the ventricle. The process of cutting again inhibits 
both auricle and ventricle. After a time both recommence to beat the 
juricle earKer than the ventricle. If the amount of auricle still 
attached to the ventricle be very small the ventricle may not ofitself 
recommence ^heating. If it do not, it may be Uiwjlit to beat by 
stimulating it rhythmically with mechanical (c,y. a pnck of a needle), 
or with electrical stimuli repeated at regular intervals. In many cases 
it will then be found that the ventricle starts off beating quickly and 
gradually slows down until it ceases altogether. The rhythm may 
then be again started by rhythmic stimuli. If the ventricle recover 
its rhythm cut through it just below the auriculo-ventricular groove; 
the ventricle is brought to a standstill and does not regain an 
automatic beat if left to itself. With each mechanical stimulus a 
contraction follows, and if the stimuli be repeated rhythmically for 
a time, say one per second, the ventricle may regain an antomatio 
rhythm, though this does not often occur with a frog's heart If it 
should, count the rate. 

The results of this experiment should be collected together in a 
tabular form somewhat after the plan adopted in the following 
ment, which is slightly modified from the preceding instructions : 
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Rhj-thm 


1I.3S 
11.44 

11.45 

11.46 
11.47 
11.50 
11.51 
11.52 
11.54 

1I.S5 

ii.se 

11.58 


AmicleB (a) and ventricle (v) esciEcd, leaving ainua (b) in situ. 
s slowed for a few beats, a and v also inhibited (or two Vo 


V. A. fi. 
62 
54 






A and V beat counted 


36 


A and T beat counted 

s excised. Very muoh slowed bat not atopped . 

A cnt oU, leaving a cim attached to the ventricle, v does 
not stop, but the rbjtbm becomes irregular, and beats occur 
in groups ot three. * stops. v. 

A has recommenced. a. 

B beat counted. h. 
The ventricular beat obviously (oUowa the beat ol the pieoe 
of A Btil! attached to it . . _ . . . _ . 

V apex cut o3. Auricular piece still goea on beating, v 
apex responiis to each priek of a blunt needle, bat cannot 
he taught to beat rhythmically 


as 

36 
43 
M 
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There are several conclusions to be inferred from such experiments. 

A. The ^ssi^edlwart beats rhythmically. Therefore the rhythm is 
not dependent upon external rhythmic stimuli reaching it via its 
nerves, but is due to some intrinsic source possessing a rhythmic 
activity, There are two possibilities. {<i) The rhythmic activity 
may be an inherent property of the miiBcle fibjes. {!>) The heart 
contains in itself nerve ceUa and nerve &bies; and the rhythm may 
be a characteristic of some of these cells. By this experiment takea 
alone we are not able to prove which of these two possibilities is the 
correct one. The last part of the experiment, if it succeed, is the most 
helpful in deciding, but the frog's heart is not a very suitable subject 
to employ for this particular purpose. On a tortoise heart Gaskell has 
shown that the apex, which examination proves to be free from nerve 
oells, can be taught to beat rhythmically. Further facts tending 
to prove that the rhythm is inherent in the muscle cells are : 
(i) the heart beats rhythmically in embrjoiiicJi''e, while it is still of 
tabular form and before it has gained any nervous connection with the / 
central nervous system ; (ii.) nicotine has been proved to paralyse nejcve 
celli. but a heart poisoned with nicotine continues to beat rhythmi- 
cSny; (iii.) there is no difficulty in ascribing the rhythm to the heart 
muscle, for cross-striated muscle may be caused to contract i:^hm). , 
oally by imntfrai^g it, under propei: tessioii. in Biedermann's fluid,' 
and the 1>ulbuB arteri^^us, which contains no gangUoo.. cells, beats 

■ Biedermann's fluid is ma.le by ilissolviiiH 5,g. NaCl. 2.g. Na HTO, and O-Sii.g. 
N»,CO.inllilreof water. 
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rhythmically when completely isolated from all other parts of tUV 
heart ; (ir.) an isolated heart apex can more readily be made to beat 
rhythmically if it be subjected to an internal pressure, as by tying it 
on to a perfusion cannula through which fluid is circulated at sufficient 
preBsnre. 

B. Taking it as proven that the rhythm is a property of the 
muscle cells, it follows that the cells in different parts do not possess 
the rhythmic capacity to an equal degree. The sinus, if left intact in the 
body, beats with the same rhythm as the intact heart, and this, taken 
in conjunction with the fact that the contraction wave starts normally 
&om the sinus, shows that in the sinus rhythmic activity is especially 
developed. That the auricles and ventricle, when severed &om the 
sinus, beat at a slower rate is generally taken as indicating that the 
anricles, the part from which the contraction wave starts when the 
auricles and ventricle are removed, possess i;hytlimic characters to a 
JiSfiser degree than the sinus. Finally in the ventricle rhythmic activity 
is still less developed, anH^ with the ventricle apex can only be demon- 
strated under especial conditions. 

Mxperiment 2.— -The firat Btannins ligature. Pith a. frog and expose 
its heart, catting away the perioardium, so as to thoroughly expose the aiiricleH 
and two aortas. With an aneurism needle pass a thread iinder the hulbus 
arterioBUa and above the twoauparior cavie. Lift up the apex of the heart, cut 
through the frenum, and bringthe ends of the thread round the heart, ao that 
^ it lies under the auricles. Tie a loop in the thread and tighten it, so that it 
lies over ihe creecentic junction of sinus and auricles after the ligature is 
tightened. The auricles and ventricle usually give a few beats and then come 
to rest in a &lly relaxed condition, whilst the ainna continues to beat at the 
same rate as before. At timea the auricles and ventricle still continue 
beating, though at a slower rate. This is uaually due to the ligature being 
wrongly applied. It ahould he relaxed and tied a second time a I' ' 
to the auricle, when the reijuired standstill wiU usually occur. 

In fig. 85 the effect of the application of the Stannitis ligature I 
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recorded graphically. At the point a the ligature previously 
in position was suddenly tightened. The two peaks immedial 
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recorded are mechanical aad due to the process of tying. The 
auricle and ventricle beats stopped at once, and the recorded line only 
shows slight undulations, which were caused by the contraction of the 
s inus. The rhythm of the sinus is seen to he at first slowed. At the 
point h the ventricle was stimulated by a prick of a needle. It gave 
a single contraction. 

Prick the auricle. With each stimulus the quiescent part gives a 
single heat, Bepeat on the ventricle. The same result is obtained. 
Next stimulate with an induced shock. A sing^le contraction is also 
obtained in this way. 

The StanniuB ligature is of great imporianco because it enables us 
to study a single contraction after the same method adopted in studying 
a single twitch of a muscle, whereas while the heart is still beating 
rhythmically this is impossible. 

Experiment 8. — Test the respouse of the heart to electrical, stimuli of 
different strengths. Attach the apex of a heart brought to a standstill by the 
Stcumiua ligature to the recording lever, as in fig. 88. Remove the secondary . 
coil to such B. distance Irom the primary that neither make nor break ehooks ' 
excite a contraction. Bring the writing point to the surface of a droiu at 
lest, so aa to record heights of twitoh only. Move the secondary coil gradn- 
all; up to the primary, stimnlatingthe heart with each new position tintil one 
is found at which a contraction occurs atbreibk. Move the drum 1 or 2 mm. 
by hand. Bring the secondary 1 cm. nearer the primarj", and, allowing 
tiilly 30 seconds to elapse, stimulate once more. The height of the con- 
traction is the same as before. Further increase the strength of the stimulns 
and record the contractions. There is no increase in the height. 

Therefore a minimal stimulus causes a maximal contraction. If a 

heart contracts at all it contracts to its full power. 

The reason for allowing an interval o£ from 30 to 60 seconds to 

elapse in the preceding experiment before applying a second stimulus 

is because a second stimulus of even the same strength is found to 

produce a greater effect than the first if it follow the first within a 

• second or so. This can be shown in the following way :^- 

Bxperimenl 4.— Ai-range the drum to rotate at a verj- slow rate, about V' 
I 2 em. per minute. Apply electrical stimuh every flve seconds, recording the r f 
I oonCraotioas on the moving snr&tce. Record some twenty contractions in this 
I way. 

Fig. 86 shows the result obtained. The second contraction is seen 
to be higher than the first, the third than the second, and so on up to 
the fifth, from which time they all reached practically the same height. 
The increment of height of the second over the first is greater than the 
increment of the third over the second, and this increment gradually 
decreases until it vanishes. This increase of effect on repeating the 
stimulation, keeping to the same strength, is spoken of as the staircase 



108 EXPERIMENTAL PHYSIOLOGY 

effect. We htive already founcl that skeletal miJBcle gives a sim 
result (pp. 63 and ti9). 




Fi8. 86. — ELECfmrAi, Htiitiv 
TS STAHDBTUJi bi the Sli 
Ihtgrval between the Stihdu 5 

Experiment 5. — BMord b single be«t of the heart. Arraotfe tbe a 
to rotate at the rate of 2 cm. per aecood. Fit up the apparstiis as for records 
ing a BJngle muecle twitch (fig. 37). For electrodes in the Bccondarj cbcuit 
make a pair with fine silk-covered wire as in fig ST. Cement the two v 
together b,y a toneh of sealing-wax or marine f,-Iue at a point, c, near to their__ 




Fjq. ST.^A Simple Fokm of Flexiele Electrodes. 



&ee ends. Scrape off the inanlation from their projecting ends, a, 
should he cut of equal length. Take a piei^e of flat cork of the shape of 
and pass two pine, f and a, through it. Slit up the cork in two places i 
its apes and pass the wires through these slits by which they are held 
fimdy ; then wind each wire round one of the pms and attach the two 
ends to the Dii Bois key in the secondary circuit. Apply a Stannius liga- 
ture to a heart and, pasBing a bent pin through its apex, attach it to the 
recording lever, as in fig. SB, Twist the electrodes, b, imtil the wires lie 
above one another and pin down the electrodes to the cork base of the 
myograph, BO thatthewirea touch the base of the ventricle. Arrange a chrono- 
graph vibrating thirty times per second to record dhrectly under the heart 
lever. Bring the writing point to the surface and record a contraction in the 
same way as if recording a simple muscle twitch. Mark the point of stimu- 
lation and draw vertical lines with the recording lever to mark on the time 
tracing the point of Btimidation and the points (1) when contraction beginsi 
(2) when it reaches its maximum, and (8) when relaxation ends. Draw a zero 
abscissa line. Repeat the experiment, varying the rate of the recording surfao^j 



Tbe tracing obtained is of tbe form sbown in fig. S8, aodpresanl 
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great difference lies in the time occupied. The time measTirements ^^^^ 


are seen to be— 






(a) The latent period, 0117 sec. 






(6) The period of contraction, 










0767 sec. 










(c) The period of relaxation, 1 067 










In examining the general form of 
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the curve it is seen that the top tends 
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to be flattened ; a condition which is 
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■ often more prominent than in this 










B particular curve (see curves of fig. 91). 
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V In different hearts the form of the 
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curve varies considerably, differences 
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which are largely due to the different 
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temperatures at which they are ex- 










amined, and secondly to the time of 
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the year. The flattening of the top 
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of the curve tends to show that the 
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contraction wave possesses so slow 
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a rate that the first fibres affected 










return to rest before the wave has 
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extended over all the heart fibres. 
This follows from the same considera- 
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tions which we have already gone 
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into when discussing the features 
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of the contraction wave iu muscle 
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(p. 73). 
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In figs. 89 and 90 we have two 
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further tracings taken fi-om different 








i 


hearts, and with the recording surface 
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moving at different rates. In these 
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figures the relaxation of the heart is 










seen to be more rapid than the con- 
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traction ; a condition which is com- 








i 


moner than the reverse efl'ect recorded ^^^^^^^^H 






~ 


in fig. 88. In both these figures th<i ^^^^^B 








first and major part of the relaxation ^^^^^^H 








is most rapid ; it then becomes much l^^^^^^^^^^l 






Slower and gradually ceases. Note ^^ ^^h 


that the apex of each curve is very blunt, even flattened, indicating ^^M 


that the contraction is sustained for Fome time. ^^H 
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Upon a. heart brought to a, staadstill by the Stanuius ligature wflJ 
are further able to study the efl'ect of two successive stimuli, whj 
enables us to demonstrate one of the great physiological charaiCteristii 
of heart muscle, namely, its long refrnctari/ period. 




Experhiient 6. — Arrange the drum as for recording the effect of t 
aaecBBHive atimiili on muscle (fig. 58). The drum should be so geared that U , 
rotates at the rate of 2 to 8 cm. per second. Pith a Irog, expose its heart, 
and apply the Btanniua ligatore. Pass a bent hook through the apex of 
the ventricle and attach to the recording lever, hg. 83. Fiiet remove one 
of tha contacts and record a single beat as in the previona esperiment. 
Hark the point of stimulation and draw an abscissa hue. Now arrange the 
second contact at such a distance behind the first that the second point of 
stimulation will fall near the end of the period of relaxation and record the 
result of the double stimulation. Mark the points of Btimulation on the 
om:ve. Move the two contacts nearer and repeat the stimulation. Carry out , 
the process until a distance between the points of etimnlation is r ' '' 
when only a single contraction results. 

In this way tracings such as those reproduced in : 
obtained. 

Curve L gives a record of the single beat. The time from t 
point of stimulation to the highest point of the curve is l^ths i 
The total duration is ^Sths sec. 

Curve II. This is the result of two successive stimuli, the secM 
following the first after an interval of g^ths sec. It therefore fell nea 
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the end of the period of relaxation. We see that the heart responded 
by giving a second beat, but that there was no real summation of the 
contraction. The apes of the second contraction is at exactly the 
same height as that of the first. 

The one difference observable is that the second contraction is 
carried out a httle quicker than the first. There is less flattening of 
the apex. The measurements of the ' apes time ' show this very 
olearlv. Tbev are 5f ths sec. and ^ ^ths sec. respectivelv. 



no 
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tracted. As in the previous curve the second is rather more i 
than the first contr&ctioii. The apes times for the two are ^ths a 
Iffiths sec. 

Curve IV. The second stimulation in this instance follows the fl 



I 




Fio. ya.— Tet 

LtOATUBE. Is 1 THE SECONDARE COU. i 

AT 13 CMS. FBOM THE PrISIAKT. MAGNIFICATION, 10. ThE DtJRATIOS OF 

TETAKIHiTIONlH INDICATED BV THE SHOBT VeBTICIL MaRK3 nNPEB EaCH TrACINQ. 

after an interval of ^ths sec, i.e. at the end of the period of contrac- 
tion. We note the most striking result that no second contraction is 
produced. It has fallen on the muscle fibre during a time when it is 
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unable to respond to a stimulus. That time during which a stimulus 
produces no response in a muscle fibre is termed i ts refractory 
period. We see, then, that for the heart the refractory periocf'TaSts 
tSough the whole of the period of contraction. In contrast with 
this we have previously found that the refractory period for skeletal 
muscle was practically identical with its latent period. 

Experiment 7. — Upon the same heart study the effect of a rapidly 
repeated series of stimuH. Arrange for the recording surface to move 
very slowly. Set up the coil for giving tetanising shocks, and then stimu- 
late the heart, varying the strength of stimulus employed. 

In fig. 92 are shown three curves obtained in this way with 
different strengths of stimulus. In i the stimulus was strongest, and 
we see that during the whole period of stimulation, lasting during 
the interval between the two vertical marks, the ventricle never com- 
pletely relaxed. The important result, however, is that there is no 
complete fusion. A heart cannot be sent into complete tetanus. At 
first the amount of fusion was marked, but as the stimulus proceeded 
fusion became gradually less, and a rhythmic contraction, which 
was not very regular, was produced. Putting it in another way, 
we may say that as tetanisation proceeded the refractory period 
tended to increase. Note, moreover, that a contraction occurred 
after stimulation had ceased, showing that the effect of the stimuli 
did not stop immediately stimulation ceased. Tracing ii was taken 
from the same heart, but the secondary coil was removed 2 cm. 
further from the primary. With this weaker stimulation there is no 
summation of effect, except in the case of the first two beats. A 
rhj^hmic beating was started which ceased on the stimulation being 
stopped. In the third curve (iii) the stimulus was still weaker, and 
only two contractions were produced at the commencement and 
none during the rest of the time of stimulation. 

A single break shock with the secondary coil at 13 cm. produced 
no response, whereas at 12 cm., the position during tracing n, a con- 
traction was produced. 
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CHAPTER X 

THE ACTION' OF HKAT AND COLD UPON THE FROQ's HEABT 



Ejrperiment 1. — Pith a frog and espoae its heart. Cut through 1 
frenmn and paEa a bent hook ihrou^'h the apex of the ventricle. Cat away 
the lower jaw and now remove the heart entirely with the pericardium, 
cutting out with it the Burrounding tissuea pretty freely. Pin thie on to a 
cork baae fixed to a meteJ bar made in the foUowing way (fig. 98). Select a - 
TOund,flB.t cork and bore through it from the side, making a hole sufficiently 
large to fit tightly on the short arm of a brass L-piece. Fix the cork to the 
L-pieoe with a little Bealing-wax. The pins should pass through the floor 
of the pericardium, so as to iin the heart firmly to the cork. The heart can 

r^^^^ be fitted to the recording lever as in 

^H^H 1 I the previous experiments (see fig. 88). 

Hn .1 A miall beaker ia then filled with defibri- 

B|| y ' ntUed OS-blood, diluted with four times its 

If ^^B^ I |l| volume of normal saline, or with Ringer's 

■' ^J I solution,' which has previously been 

H 1 I cooled in a freezing mixture to about 0° C. 

r J^ y. ' The writing point is brought to the aur- 

J^^ — — [ Tf -~^ face and a chronograph marking seconds 
^^ TH T' I jk arranged to write immediately imder 

^mf^T-p- — J ■ -^ it. The drum is set in motion, and after 

^IVil I . mr . ■■, J iji'l "• short length of tracing has been taken 
lIlll^^^^OnH^gJS |l I the beaker of cooled fiutd is raised so 
V HHljHjjTF^^raS I I of the tracing is at once altered, and after 
H^^^^^^^^^^^F longer changes, the fluid is lowered 

^^^^^ and the gradual change in the beat, as 

'^'^ '■'■' the temperature returns to its original 

height, is recorded. Take several tracings 
in this way, raising the temperature of the fluid five degree s for each fresh 
tracing. __^^-i^^"« 

Traoinga obtained in this way are reproduced in fig. 94. In the first 
theheartwa8SiiddenlyiminersedindUutedbloodat4''C. The following 
beat is seen to be of less height and considerably prolonged, the second 
one of greater height, and then the heart settled down to a slow 
rhythm of considerable force in which the contraction was sustained 
at its height for some time, and relaxation was considerably prolonged. 
Ringer's solution ia made by Baturating 0-G5 per cent. NaCl solulion with 
calcium phosphate and then adding 2 c.c, of a 1 per aent. solution of potassium 
ohloride to each lUO c.c. 



^B calciu 

^K ohlorii 



ACTION OP HEAT ON THE EXCISED HEART 



1184 



I 



The rate before cooling was 2 4 per, min ute ; during oooling, 7, After 
removing the cold blood the hearSTery rapidly in^easeS in rate, and 
for the first few beats in force. The rate was increased until the beat 
became faster than the original rate. The force gradually decreased 
until at last both rate and force after about five minutes returned to 
their original state. 

At a rather higher temperature 11° C. the same effects are obsei-ved, 
though to a much less marked degree (fig. 94 a). 

At 25° C. it is seen that the rate is greatly increased — from 51 
to 93 per minute. The force of the ventricular and auricular coii- 
traotiona remains practically unaltered, but the time of each is markedly 
diminished. 30 that the auricular relaxation is finished before the ven- 
tricular contraction begins. On removing the warmed blood thesQ 
changes gradually disappear. 

If a, heart be immersed in blood at about 35° C, fig. 94 b, a very 
interesting result is obtained. The Yentfi^Jar -contraction at' once 
ceases, hut the ajuricahu: pacaiats — at first very weak, but gradually 
becoming stronger. If immersion be prolonged one beat is dropped at 
irregular intervals, at times two successive ones. On cooling, the heart, 
after some few seconds, once more begins to beat, and at first with 
greatly increased frequency. Sometimes, as in the tracing reproduced, 
the ventricular contractions after a time are once more dropped, and 
the auricular become much weaker. After a varying interval, rhythm 
for a second time returns, and the heart apparently reoovers com- 
pletely. During both periods, when the ventricular contractions cease, 
the ventricle will respond with a single beat on mechanical or electrical 
stimulation, though the stimulus required is greater than normal. 

Another change which this tracing shows is in the amount of ' tone ' 
of the heart. Directly after immersion the heart begins to elongate, at 
first fairly rapidly, and then more slowly, i.e. there is a diMhution of 
tone. As soon, however, as the heart recommences beating this tone is 
recovered, and even becomes greater than before. When the ventricle 
once more ceases beating the tone Itii mediately falls again. 

In some hearts a different result is produced at this temperature. 
The heart may at first heat very rapidly before the ventricle finally stops. 
This ia because the heart takes a little time before it reaches the tem- 
perature at which the ventricle stops, and if the fluid be only just above 
this temperature the time required to reach this point is much longer 
than if the temperature be distinctly higher. 

In the last tracing the immersion fluid was at 38° C, and it is seen 
that after one short contraction the ventricle ceased, and then some 
five or six beats later the auricle also stopped. The heart then relaxetl 
a little. I.e. there was a diminution of tone, .^bout 30 sees, after im 
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BTBion a new change occurred, viz. a gradua.1 and regular contraction. ^^| 


hiB is the 


production of heat rigor. The heart was kept at tWs tem- ^^H 
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■ four minutes and was then cooled. No 


relaxation occurred. ^^1 


though after three minutes the heart once more regained a rhythm' ^^| 
thongh of much weaker force than before. ^^H 
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If the heart be kept much longec at this temperature, or fcM 
shorter time at a higher temperature, he at -con traction ia more prd^ 
nouneed, becomes complete, imd then no recovery occurs on coohng. 

The effect of heat and cold upon the heart in sitn.^The effect upon 
the beat of raising or lowering the temperature of the whole heart has 
been determined by several methods. We can employ the same 
aiTangement as that of the previous experiment, but having pithed 
the brain it is best to curarise the frog. It is then pinned down to 
the cork and the heart attached to the lever. The beaker of fluid is 
then brought up as before, allowing the legs to remain out of the 
beaker. The results obtained by this method are practically the same 
y described above. 



Engeliiiann passes a tube through the leaopha^a and out of an opening 
in the stomach wall. Water of different temperatures is then circulated 
through the tube. 

Another simple plan ia to arrange the heart for recording by the suepen- 
sion method, and then while the tracing; is being taken a fine stream of 
normal saline at the temperature required is directed on to the heart through 
a, glaaa tube drawn out to a fine capillary orifice. By this method it is 
poaaible to limit the cooling or heating mainly to the auricles and ainuR 
without affecting the ventricle. 

A third plan is to record by the suapenaion method, having previously 
arranged a coil of platinum wire around the heart. The coil is then heated 
by an electrical current, and thus forms a small source of heat, whose action 
■nay, by altering its position, be limited chiefly to either the sinna and 
auricles or to the ventricle. 

The results given by these methods are similar to those already 
given for the excised heart, but with the difi'erence that where the 
alteration of temperature is limited chiefly to the ainua, the result 
tends towajda alt eration in rhy^tjiic without alteration In the character 
of each beat. On tKe ot^r hand, where the heating or coohng effect 
is chiefly localised to the ventricle the main effect is an alteration in 
the forM and character of thebeat with no change in the rhythm. 
As in the first esperiuienCwhen the rhythm alone is altered, heat 
lends to accelerate ; when the character is altered, heat up to about 
20° tends to increase the force, above that temperature to decrease the 
force, until at about 30° the rhythm is stopped, though on again cool- 
ing the heart will recover. At about 35° C. the heart begins to pass 
into the state of heat-rigor, and no complete recovery is then possible. 

THE EFFECT OF HEAT AMD COLD UPON A SINGLB 
COWTEACTION OF THE VENTRIOLE 

In addition to examining the result of varying the temperature 
upon a heart beating rhythmically the alteration in a single beat should 




^^^^^^^ACTira^^^raA^POT^mOLEBEATS 
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^V alao be studied a little more closely. 








This can readily be done by tbe aid of ii . 








heart brought to a standBtill by the Stan- 
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nius ligature. 
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Experiment 2. — Prepare the apparatus 






I 




for recording single contractions as in ex 






■ 




periment 5, p, 106. The dram should rotate 








'2 cm. per aeoond. Pith a frug, espose its 








heart, and apply the Btanuius lii^ature 








Hook a bent pin through the tip of the 








ventricle apes. The heart may now be 










excised and attached as in fig 93 Fn 




















Take a small beaker full of the diluted 










blood (or Ringer's solution), which has pre- 










viously been cooled in a freezing mixture, 










and bring it up around the cork base, so an 










to immerse the heart. T^e the tempera- 










ture of the dUute blood. Alter about n 










minute's immersion lower the beaker and 










record a contraction. Raise the temperature 








of the dilute blood five degrees by placing 
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the beaker for a few seconds m hot water- 
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minutes. Then lower the beaker, see that 








-^ 


the writing point ia again at the same lei'el, 










andreoord a aeoond contraction over the first. 
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In this way record a aeries of contractions, 










increasing the temperature each time until 










a range of irom 5° C. to 30° C. has been 










reached. Mack the point of stimulation. 










draw an abscissa line, and take a time- 










tracing of 30 per second beneath the xeru 










^^ absoiasa. 
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^H Fig. 95 represents such a serietj of 










^B curves. Measuremetits of each should 










^" be taken and arranged in a tabular form, 






fa 


as has been done for this experiment in 
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the table on next page. 
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^^ Prom this figure and its accompany- 
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^ft ing table the following points are clear : 
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^H 1. As the temperature rises tbe 
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^B latent period becomes shorter. 
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z 


2. As the temperature rises tlie 




1 




tj 


period of contraction becomes shorter. 






o 


at first very rapidly and then more 
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H slowly. 








^H 3. Tbe period of relaxation shows 






s 


^H R sadden shortening from 7 to 10° G. It 






fa 




then remained perfectly constant until 30° C. was reached, when there 
was again a sudden diminution. 
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4. The total time showed at first a rapid diminution, and then a 
more gradual one as the temperature rose. 

5. The height of contraction showed a maximum at 7® C, a relative 
minimum at 10® C, a relative maximum from 15 to 20® C, and an 
absolute minimum at 30° C. 

These different points can be very clearly figured by the use of 
squared paper, and should be carried out as in figs. 96 and 97. 

These conclusions should also be compared with those we have 
already obtained when studying the effect of varying the temperature 
upon striated muscle (p. 46). The results are found to very closely 
resemble each other in most of their important features. . 
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CHAPTER XI 

THE NERVEa OF THE FUOCi's HEABT AND THEIR PLfNfTIONS 

watit; a dissection to show the nerves of the 

PROG'S heart.— The nerve supply to the frog's heart ia from two 
sources, the vagus and the sympathetic. 

To find the vagus expose the heart in the usual manuer, leaving, 
however, the pericardium intact to serve as a protection while the 
dissection is being made. Full aside the lateral pieces of the sternum 
and separate the muscles running from it to the floor of the mouth. 
When this is done a muscle comes into view which is the guiding 
mark for the vagus. This muscle is the petro-hyoid, which arises from 
the base of the skull and is 
inserted into the posterior 
comu of the hyoid bone. Its 
direction is from the joint of 
the lower jaw, round the 
pharynx in an almost trans- 
verse direction to the body of 
the hyoid. This muscle should 
be clearly made out (fig. 9B, 
fh). It is arranged in three 
separate small bands, in series 
one behind the other. Crossing 
it are two nerves : one late- 
rally placed, the giosso-pharyn- 
geal, cip. coursing from the 
angle of the jawover the muscle 
to run forwards into the tissues forming the floor of the mouth ; the 
other, the hypoglossal, h, crosses it much nearer the mid line. The 
latter nerve is the first spinal nerve in the frog. In relation to the 
lower border of the muscle lies the carotid artery, a. If the muscle be 
now laid hold of, a nerve will be seen running along its lower edge and 
partly covered by it. This is the vagus, v. A branch of this, the laryn- ' 
geal, L, usually runs a separate course parallel to the main trunk, J 



leaving it as the neire comes towards tlie anterior mid line. The main' J 
trunk of the nerve branches near the heart, the larger half running 
backwards towards the lung ; the other is the cardiac branch, The 
vagus must be isolated completely from the surrounding tissues. It is 
important to remember that the nerve thus isolated is not the vagni 
only, but has already been joined, immediately after its exit from the 
akull, by a large branch from the sympathetic. The cardiac branch 
therefore contains both vagal and sympathetic fibres, 



To expose the sympathetic before it joins the vagua, cut away tl 
whole of the lower jaw by a single transverae incision. Pick up tha | 
mucous membrane covering the ro*f ot the mouth and cut it away, 
removing it well down to the (esophagus. This brings into view a 
triangular -shaped muscle, the levator anguli scapulae, m, fig. 99. 
Very carefully cut this through near to its attachment to the base of 
the skull and turn it down. This 
brings the sympathetic into view. 
It is usually accompanied by a blood- 
'essel which lies over it, and being 
pigmented serves as a guide to the 

The nerve ia very readily seen as " ^J" 
it crosses the large root of the second 
nerve, above which it bifurcates to 
pass round the subclavian artery, 
forming the annulua of Vieussens. 
Carefully isolate the sympathetic 
between the annulua and its junction 
with the vagal trunk. Pass a fine 
ligature round it and tie it aa far down 




Cut the nerve below the ligature. 
The cardiac fibres of the sympathetic 
leave the cord mainly in the ramus 
oommunicana from the third nerve, 
and to a less extent in that of the 
fourth nerve. In the same dissection 
it is easy to expose the petro-hyoid musclea and remove them, and iii 
this way the vago -sympathetic in its course from the ganglion of the 
trunk of the vagus to the heart can be readily traced. 

Having exposed the two vagi and passed threads under them their 
action should be studied as follows : - 
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Experiment 1. — Study the Inflnenoe of tbe vasns upon the heart. 
pare Uie coil for giving tetanising ahocka. Dissect out both vagi, 
best to cut the laryngeal branch of each vagus because if this be left intact 
the muscles oontrocl when the nerve ia atimulated and acting upon the 
pericardium, pull down the base of the heart, and so alter the level of 
the tracing. Attach the heart to the recording lever by the suspension 
method, fig. 88. If the heart be boating very slowly apply a little warm 
normal saline aolution (at 20° C.) by a pipette until the beat is quickened. 
Remove the secondary coil to some distance from the primary. The 
electrodes, fig. 87, should bave their ends bent up iitto a hook, and the 
outer sides of the wires may be further insulated by a little s°aling-wax to 
prevent escape of the current. Hook up one vagua on to the electrodes. 
Now take a piece of tracing, the drum rotating about 1 to 2 mm. per aeoond, 
and with a seconds time tracing recorded directly beneath. After about ten 
contractions open the key in the secoi^ary circuit, so that the nerve may bo 
atimnlated, and mark on the tracing The instant at which the atimnlua was 
applied. If no change occur close the key, marking the instant at whioh 
the etimnlation was stopped. Next move the coil 2 cm. nearer the primar;, 
and repeat the stimulation as before. Repeat several times, gradually in- 
creasingthe strength of the stimulus nntil one or two tracings showing complete 
inhibition have been recorded. Time must be allowed after atimulatipn ia 
stopped to record the full aeries of changes occurring after stimulation. 
Repeat the series, stjniuliiting the vagus of the opposite side. 

It muBt be remembered that in this experiment we are stimnlal 
both sets of cardiac fibres, sympathetic as well as vagal. 

In fig. 100 the result is shown. The laryngeal branch was not cnt. 
and we see that on each stimulation the general level of the xecord 
was lowered. When the secondary was at 19 cm. {tracing 1) there 
was avery alight slowing effect. One evidence of this is to be seen in 
the auricular tracing. Before stimulation the auricle began to contract 
before relaxation of the ventricle was complete. Durijig the stimnla- 
tion, however, the time interval between two successive beats is very 
slightly increased, and this allowed relaxationof the venthcleto be com- 
pleted before the next auricular contraction commenced. In tracing 2 
with an increase in strength of atimnlaticn there is a clear d iminution 
ofrate. Wote that the effect does not occur instantaneously.' There is a 
gradnat production of the slowing lasting over four beats. The rate 
before stimulation was 38 per minute ; towards the end of the time of 
stimulation it was 30 per minute. A second change, occurring as a 
result of the stimulation, is an increase in the force of e&ch beat m 
judged by the height of the tracing. In the measurement of these trac- 
ings, where we are examining the heights of contraction, it must be r». 
membered to measure from the point where the ventricular contracticm 
begins to the highest point reached. It will not do to take the tottl 
height of the tracing as the measure of force, because at times a con- 
siderable amount of the rise may be due to auricular contraction with 
ventrionlar superadded ; at other parts of the tracing it may be 
purely ventricnlar contraction. Examine in this connection fig. 108 
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THE ACTTON OF THE VAGUS 

In the piece before stimulation this is 9 mm., daring stimulation it i 
11 mm., and after stimulation it soon returns to its initial height. A 
third change to be observed is with regard to an altered rate of trans- 
mission of the contraction from the anriole to the ventricle. Before 
stimulation the aaricniar beat was practically completed before the 
ventricular began. Under the influence of the stimulation the time 
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relation gradually changed and showed that the wave of .contraction 
passed more readily from auricle to ventricular, i.e. that conduction 
between the two wss favoured. 

In tracing 3, with slightly increased strength of stimnlus. slowing 
is more pronounced, from 3S to 26 per minnte. The height of each is 
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again IncreaBed — 8 mm. before as compared to 10 during stimulation. ' 
There is again an increase in the rate of conduction of the contraction 
wave from auricle to ventricle. There la also less delay between the 
commencement of stimulation and the production of its effect than in 
the preceding case. 

In tracing 4 the same points are again to be observed, but it ii 
noticeable that the slowing becomes less marked as stimulation proceeds. 
Itate of beating was 36 before and 24 during stimulation ; the height 
before, 8 mm. ; during stimulation, 9 mm. 

In tracing 6 we see that after two beats the heart comes completely 
to rest. There is a delay before the effect of the stimnluH is apparent. 
After stimulation ceased a short pause occurred, and then the heart 
recommenced to beat. The rate gradually increased. Thus the time 
interval between the commencement of the second beat and corre- 
sponding point of the first is 3^ sees. ; between 3rd and 2nd, 3 sees. ; 
between 4th and 3rd, 21 sees. It then quickly regained its original 
rate of 43 per minute. The height of the beat also shows a gradual 
increase, The measurements are : For the Ist, 4^ mm. ; the 2nd, 
5-^ mm. ; the 3rd, 6 mm. ; the 4th, 6^ mm, ; the 5th, 7 mm. ; and then 
in a few beats it attained a height of 9 mm. as compared to one of 
8 mm. before stimolation. Thus inhibition has had a beneficial 
effect upon the ventricle, enabling it to beat a little more forcibly for 
a time, but this gradually dies away, and in about 20 beats the height 
is once more 8 mm, The same holds true even to a more marked 
degree for the auricular contraction. The rhythm between auricle 
and ventricle beats abo shows a very interesting change. In the 
first beat after the stimulation the ventricular contraction commences 
shortly after the commencement of the auricular relaxation ; in the 
second beat at a rather later time ; and as the beats follow one another 
the ventricular beat gradually falls later in the auricular diastole. 
Associated with the gradual slowing of the ventricular beat witli 
respect to the auricular it is seen that the auricular contraction begins 
progressively earlier with respect to the ventricular diastole, and that 
at last it occurs when about one half of the diastole is completed. As 
this happens the auricular systole becomes progressively less and leu 
marked, and finally is only represented as a break in the descent repre- 
senting the ventricular systole. These facts tend to show that con- 
duction of the contraction wave from auricle to ventricle is at first 
rapid, but gradually becomes slower than normal as an after-effect of 
the vagus inhibition, once more running to its normal rate as that 
after-effect gradually wears off. 

We must remember that in the results we have just been examining ' 
are not dealing with the result of stimulation of pure vagal fibres, j 






STIMULATION OF THE CRESCENT 

but with that of the mixed vagus and Bympathetic. To c 
which of these results are due to vagal fibres only, our only procedure 
can be to Btimulate the vagus inside the skull before it has been j oined 
by the sympathetic fibres, We may state as the general result of 
impulses passing down the vagus fibres- 

(i.) That they cause slowing or inhibition of the beat, depending 
upon the strength of stimulus employed, 

(ii.) That they tend to weaken the force of the beat when slowing 
occurs. I 

(iii.) That as an after-effect there is for a time an acoeleratioa I 
accompanied by an augmentation of the force. 

There is often to be observed a difference in effect between the two 
vagi. Sometimes one vagus is found not to possess any inhibitory 
fibres, in which case the opposite vagus is found especially active. It 
is nsually found that the effect is not identical on the two sides, one i 
nanally bein^ more powerful than the other. 

ErpeHmeni 2, — Contraat the effect of ■tlmulntloii of tbe erea< 

Btimulation of the vagna. I'repare the apparatus as for the preceding 
experiment. Dissect oul; both va^, passing fine threadd round them, so that 
they may be readUy picked up wben. required. Having attached the heart 
to the lever place one vagus upon tlie electrodes, and after recording a short 
piece of normal tracini; eend in a tetanisinR current into ihe vskus and record , 

its effect. Next repeat on ihe vagus of the opposite side. Finally apply the { 

electrodes, so that they touch the crescentic junction between sinus and • 

auricles, and record the result of stimulation in this position | 

Pig. 101 gives the result of such an experiment. The first tracing 
is interesting because no inhibition resulted on stimulating the right | 

vagus. The only alteration seen is a slight change in the sequence of ; 

the beat, the ventricular contraction commencing a little earlier in 
the auricular relaxation. Stimulation with stronger currents also 
had no inhibitory effect. Stimulation of the left vagus produced a 
typical inhibition (n, fig, 101), Finally in ni is seen the effect of i 

stimulation of the crescent. In this latter there are but slight dif- ' 

ferences &om a typical vagus effect. Complete inhibition follows after 
a short latency, and on cessation of stimulation there is after a short 
latency a return of the beat, which shows the staircase effect, though 
not so clearly as in u. After the stimulation the auricular con- 
traction tends to commence earlier in the ventricular relaxation, a 
change gradually occurring, until finally it is seen to begin at about 
the middle of the relaxation. . 

LEjtperiment 3. — Examine the aotlon of the BTinpatlietlo upon the heart. ^^^H 
Arrange the apparatus as in the previous experiment. Dissect out the sym- ^^^| 
pathetic on one side, placing a ligature around it, as described on p. 121, ^^^M 
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Arrange the heart to record as before, and place the nerve upon a pair of elei 
trodes. Carry out the experiment upon a similar plan to that naed for th»9 
vagui, and eo obtain a series of tracings showing the effect upon the heart 
with different stretifrtha of stimulation. If the heart be beating rapidly the 




influence of the etimulation is not Tery marked, in which case 
should be cooled by allowing a little normal saline, which has been 
ice, to drop on to it until its rata is slowed. 

Fig. 102 showa a typical result of such an experiment : the upp< 
two tracings are from the same heart with different strengths of c 
rent, the third from a different heart. The first showa that dm 
stimulation the following changes occur : — 

i. Acceleration of the heat. Before stimulation this waa 15 pwl 
minute, during atimulation 30 per minute. After stimulation ceased' f 
the heart gradually alowed again until its initial rate was once more'l 
reached. 



THE ACnON OF THE SYMPATHETIC 

ii. An increase in force. BeEore stimulation the height of the I 
ventricular beat was 9 cm., but during stimulation it reached 12 c 
3se measurements must be made from the lowest to highest points 




ot the ventricular contraction, for the increase in force is to a con- 
siderable extent masked by the change in character of the trace 
brought about by the altered sei^uence. An increase in force of auri- 
cular beat is also produced, though to a less relative degree thaa 
with the ventricular, 

iii. An alteration in the sequence. There ia produced a. 4e,Wj ^i 
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the conduction of the contraction from auricle to ventricle, so that tl 
auricle has quite relaxed before the ventricular aystole begin: 
tber, as the rate of beating is faster, it is seen that a contraction of tl 
auricle commences before the ventrioular contrtiction ie complete. 

iv. A gradual return to the normal state after stimulation has' 
ceased. The acceleration gradually disappears. The force of the 
beat at once begins to decline until it reaches the original amount. 
A change in conduction occurs in the reverse direction to that found 
during stimulation. Rate of conduction is increased, and ventricular 
systole commences soon after the auricular contraction reaches its 
maximum. The result is that there is more summation of auricular 
contraction to ventricular, with the resultthat the total amplitude of the 
trace is greater than during stimulation, though each individually is 
leas. This increased rate of conduction gradually dies away e 
returuB to the original value. 

These results should be directly contrasted with those found c 
vagal stimulation (p. 122), where they are seen to be in exactly t'^ 
reverse direction. 

In n a similar effect is found in all particulars, differences being 
only of degree. Rate is increased from 16 to 32 ; height from 9 n 
to 11'5 mm. ; and change of sequence is of the same character. 

Tracing in is from a less exhausted heart, and shows the change^ 
very clearly. 

Rate before stimulation was 25. during stimulation 42 per miuutQil 

Height of ventricular contraction before stimulation was 9'5, duj 
stimulation 14 nun. 

Change of sequence is at first as in previous tracings, but this i 
then followed by another alteration in which the auricular contraction 
commences later in the ventricular relaxation, though conduction is 
still delayed as previously. After stimulation ceases the same stages 
are passed through as were previously described, and to a very marked 
degree. 

The Second Stannins Ligature. — In a previous series of experi- 
ments we have seen that a ligature applied between the sinus and 
auricles leads to a standstill of the auricles and ventricle in diastole, 
while the sinus continues beating with unaltered rhythm. 

E;cperiment 4. — Complete the BtanniuB experiment by applying a second 
ligature at the janction of the aurides with the ventricle. 

It will usually be found that the auricle still remains quiescent, 
but that the ventricle begius to beat. Count the rate at which 
sinus and ventricle beat. It will be found that the ventricle is 
beating at a slower rate than the sinus. This is the rule, but 
ocoasionally it is found that the auricle only begins to beat, or 
again that both start beating. As to the meaning to be given to this . 
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experiment, opinions differ. One view is that the first ligature causes 
standstill of auricles and ventricle by stimulating the inhibitory 
mechanism at the junction of sinus and auricles, and that this inhibi- 
tion lasts some time, until the mechanism becoming fatigued, the 
inhibited parts gradually regain a rhythmic contraction. This view 
is borne out by repeating the experiment upon a heart poisoned by 
atropine. The atropine paralyses the inhibitory nerve terminals of 
the heart, and it is found that standstill is impeded or prevented by 
atropine. The second ligature is supposed to act by cutting off the 
inhibitory influences, set in action by the first ligature, from the ven- 
tricle, which then commences to beat at its own rhythm. 

According to Gaskell, the probable explanation of the experiment is 
that the first ligature blocks the contraction wave originating in the 
sinus. Auricles and ventricle, therefore, for a time remain quiescent, 
ultimately originating a rhythm of their own, though this requires 
time. This does not, however, thoroughly explain all the facts, for if 
the auricles and ventricle be excised, they gain a fresh rhythm in 
quite a short time, and it therefore seems to follow that the first 
ligature must be causing some inhibitory influences preventing the 
establishment of that rhythm. On Gaskell' s view the action of the 
second ligature is to stimulate the ventricle, and consequently to lead 
to a rhythmic contraction. It is difficult to see why the first, ligature 
should not also act as a stimulus, or why the second should not 
stimulate the auricle rather than the ventricle. 
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CHAPTER XII 

ACTION OF DRUGS UPON THE FBOG'S HEART 

ACTION OF MUSCARINE AND ATROPINE 

Experiment 1. — Take a piece of fairly wide glass tubing and draw it out 
at one end to form a pipette with very fine orifice. Arrange the apparatas 
for recording the heart beats by the suspension method, having dissected 
out the vagi. Record the effect of stimulating the vagus and the sinus. Take 
some of the muscarine solution ^ in the pi^te and allow it to teJl, drop by 
drop, on to the heart while it is still recording. Almost at once the beat 
becomes slower, and gradually force and rate decrease until the heart comes 
to complete standstill in diastole. Stimulate the heart, either mechanically 
or electrically. It will be foimd to require a very strong stimulus to make 
it respond. After allowing it to remain at rest for a short time to see that 
there is no tendency to recovery, wash out the pipette and fill it with the 
atropine solution.'' Let the solution fall onto the heart. Gradually the heart 
begins to beat again, and shows precisely the same phenomena as after inhibi- 
tion by v&gal stimulation. If the heart had been oeating weakly before the 
application of the muscarine solution, its beats after the application of the 
atropine often attain a much greater amplitude. 

Next place one of the vagi on the electrodes and tetanise it. No slowing 
nor inhibition occurs. Next apply the electrodes to the crescent ; stiU no 
inhibition takes place. The atropine has paralysed the inhibitory nerve 
terminals in the heart substance. The fact that atropine abolishes &e mos- 
carine effect proves that muscarine also acts on the nerve mechanism, 
and not directly upon the heart muscle. 

In fig. 103 a record taken during such an experiment is given. The 
solution of muscarine was applied after the fifth beat of tracing i, ajid 
very quickly a change in the rhythm of each beat was produced. The 
auricular beat, which previously commenced during the ventricular dia- 
stole, was delayed and became less forcible. The sinus contraction also 
became marked on the tracing. Gradually the force of the auricular 
beat became less and less, though for a time that of the ventricular beat 
was maintained. Later, the ventricular contraction became less forcible 
and slower, and finally suddenly ceased. The line seen at the end of 
the tracing shows undulations which were due to the sinus beat. 

' Made by adding a drop of a strong muscarine solution to some normal saline 
solution. 

'^ A ^ per cent, solution of the sulphate in normal saline. 
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EFFECT OF NICOTIXE 



AOTIOH" OF NICOTINE 



1 record an before, hai'inp; previonaly 
I pair of electrodes. Teat the ragas 



Ej^periinent 3.— Arrange a lieart t 
isolated one vagaa and placed it upon i 

ti> see that it cauBes inhibition on stimnlation. Record a few nonual beat» 
and then apply a few drops of a (M per cent, solution of nicotine in normal 
saline. The heart is slowed for a few beats and then beats rather quicker 
ilian before. Now stimulate the vajiua. There is no inhibition. Apply the 
electrodes to the crescent. The heart is inhibited. 

The action of the drug in a weak solution ia to first stimulate nerve 
cells and then to paralyse them. Tho etimuIatioQ is shown id the 
inhibition, which may be but shght or fairly well marked, according to 
the strength of the solution. After a few beats the heart regains its 
rate, and may even become quicker and the force greater than before 
(i, fig. 104). In II is shown the effect of stimulation of the vagus. No 
inhibition or slowing follows even with strong stimuh, though previously 
the inhibitory effect had been very readily produced. During the 
stimulation an augmentor effect ia produced, the height of the beat 
becoming 23'5 mm. as compared with 21 mm. There is only slight 
acceleration, and both effects gradually die away. In m is seen the 
effect of stimulation of the sinus. It ia perfectly characteristio of 
the result given by a, normal heart (fig. 101, ui). All these three 
tracings were taken quickly one after the other, and then more nicotine 
solution was applied. It was then found that stimulation at the sinua 
no longer produced inhibition. With weak currents no effect at all 
was perceived except a slight acceleration. The strength of the 
stimulus was then considerably increased, when marked acceleration 
was produced lasting as long as stimulation continued. On cessation of 
stimulation the heart was inhibited, but after a time recommenced 
beating with a rhythm at first slow, but gradually increasing until the 
original rate was once more attained. 

This experiment is of great importance becange it affords an e.f- 
cellent example of the value of nicotine, as it is now employed for 
determining the position of nerve cells on the coui-ae of visceral nerve 
fibres. It is found to first stimulate these cells and then paralyse 
them, and if the dose be increased the nerve fibres themselves also 
become paralysed. This is a general rule for all visceral nerve 
fibres and cells, and in the experiment as above carried out proves 
that cells are interposed on the course of the vagus fibres, and are 
situated in the region of the crescent ; but that on the other hand the 
Bvm pathetio fibres run straight to their terminals without having 
nerve cells interposed on their course within the heart. 
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CHAPTEB XIII 



The student must become familiar with some of the other metbcx 
which are employed, for recording the heart movements other thi 
the siiBpension method. 

Experitnent 1. — Take a record of the beat of the ventricle by means of om 
of the recording levers represented in fig, 69. The foot of the vertical rod B 
is to be arranged to lie on the ventricle, and nill thus rise and fall withfl 
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THACreOfl 1 ANE n THE LeVEK ResTEII UPON THE VenTBICLE ; IN 11 

ItniN THE JDNCTIOS of AURICLBS WITH Tknthicle. Tqie Tracino Sbcondb. 

influence of gravity acting on its own enlistance and of the weight of tbji 
lever it becomes flattened. With each systole the ventricle hardens a 
becomes circular in section, and thuH lifts the recording lever. If the UDpji^ 
tnde ot the record be small, it generally means that the pressure of the levaf 
on the heart is too great, and this may be relieved by fixing a wir ' " ' 
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lever near the axis and bending it over, so as to lie to the other side of the 
axis, and thus act as a counterpoise. To its end a small weight can be hong, 
as, for instance, a piece of folded paper, whose position can be varied until 
the best amplitude is obtained. 

Kg. 105 shows tracings taken by this lever. Tracings i and n are 
taken with the lever resting on the ventricle only, in n the drum 
moving rather more than twice as fast as in i. The up-stroke means 
a contraction of the heart, the dovni-stroke relaxation. At the end of 
relaxation there is a pause for a time before a fresh contraction occurs, 
and in a few of these a slight rise is indicated, which is due to the 
filling of the ventricle on auricular systole. The contraction is seen 
to be sustained for a time before relaxation occurs. In tracings iii 
and IV the lever was placed so as to rest on the junction of auricle 
and ventricle ; we see that the two contractions are now recorded. 

Recording by this method we may study any of the results to 
be obtained in the experiments in which we used the suspension 
method. 

Another method of recording changes in the excised heart's activity 
is the plethysmographic method. 

Experiment 2. — Take a tracing with Roy's tonometer, fig. 106. This 
consists of a small glass bell-jar whose base fits on a brass support. The 
joint is made tight by smearing the ground surface of the rim of the glass 
vessel with lard and rubbing it down tightly on to the brass base. In the 
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Fig. 106.— Roy's Tonometer. (Halliburton.) 

base is a central hole into which a short cylinder is screwed, and the lower 
orifice fo this is closed with peritoneal membrane. A second orifice is fitted 
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with a tube, im which IB a tap, which is used for filling or emptying t 
vesHei. The heart is tied on to a perfuEion cannula fitted in a glass Etopper 
which closes the upper end of the glass vessel. This is then brought into posi- 
tion, and the vessel filled with oil. With each contraction of the heart the 
volume dimiiuBhes and tb« peritoneal membraue, and with it the recording 
lever, rises ; with each relaxation it &Ils. 

Experiment 3. — Take a tracing with Schafer's heart plethysmograph. 
A diagrammatic sketch uf this apparatus ia given in fig. 107. The heart is tied 
on Co a two-way canniUa and then fitted tightly into a glass bulb filled with 
oil. On either side of the bulb ia a glass tube fitted with a tap. The o. 





FiQ. 107.— Sen; 

the left is for adjusting the amount of oil in the apparatus ; that on the right 
carries a piston recorder bearing a writing point. With each contraction of 
the heart its volume decreaseB, and the oil and piston move towards tbe 
bulb. The writing point is then caused to record its movementB upon 
blackened snriace. 

A simple form may be made and used as in the following ei 

Experiment 4. — Take a tracing with the piece of apparatus shown r 
108, 1. A glass perfiiaton cannula ia made from a glass T-P'ece, t, one e 
which is drawn to a slight constriction, and the end then bevelled off by rob- 
bing it on emery paper and then rounding it In a fiame. Throngh this 
tube, o. a piece of glass tubing, f, drawn out to a fine orifice is passed 
and is cemented in by sealing-wax, c, so that the capillary orifice lies in the 
orifice of the lower end. This is then fixed in a cork in which a second tube, 
A, is also fixed, and the cork fitted to a short piece of wide glass tubing, n. 
The lower end is closed by a second cork through which a wire, w, passes. 
Expose a fi-og's heart and ligature the frecum near the ventricle. Cut 
the frenniQ beyond the hgature, fift up the ventricle, and cut into the sinus 
transversely. Introduce the cannula, which must previously be filled with 
diluted ox-blood through this aperture, passing it through the auricle into 
the ventricle, and tie it in by a hgature passing round the auriculo- ventricular 
groove. Free the heart from the surrounding parts and wind a fine copper 
wire round the cannula, touching the ventricle where it is tied to the cannula, 
BO as to form an electrode. Fit the cork into the glass tube, n, which is 
flUed with normal saline, so that the fine wire electrode is held tightly 
between the cork and the glass. Attach the mbber tube on f to a burette 
containing diluted blood, taking care that no air is included in the tubing. 
Now record the heart's movements in two ways : (i.j by attaching the tube 
A to a tambour by tubing of narrow bore. It ia best to replace most of the 
air in this tubing with normal saline, and to interpose on it a glass T-ptece, 
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the lateral ofUice being closed with rubber tubing and a spring clip. This 
gives a record by tbe plethjsinographic method ; (ii.) by attaching the tube 
T to the end, A, of a smaU mercury manometer, fig. 108, II. On the tube a ia a 
three-way tap, t, which can be turned bo that the tube a is comiected with the 
manometer m only, with the exit tube b only, or with both, or completely closed. 
The movements of the manometer are recorded by a small glass float, F, pro- 
vided with a glass writing point. This latter method is that of Kronecker's 
ftog-heart manometer. The first method records changes in volume. The 
second method records the prBBsure attained bythe fluid with each contraction. 
As soon as the heart is fined in position it may commence to beat rhyth- 
mically, especially if the internal pressure be riised by altering the position 




Small. Manometer. 

of the burette of circulating fluid. If it remain quiescent it may be stimu- 
lated by sending induced shoclcs through it by connecting the secondary coO 
(1) to the wire touching the heart at its base ; and (2) to the stout wire, w. 
It is not necessary for the upper end of w to touch the henrt, it need 
only be broaght near to it. Bring the secondary cod nearer to the primary 
until the induced current is sufficient to cause a contraction, Bepeat the 
stimuli every three seconds and record the contractions. After a certain 
time the heart ceases to beat altogether, but before doing ho it beco 
irregular. A commonly observed form of irregularity is where it gives si 
of beats arranged in groups. These are termed Lucioni's groups 
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CHAPTEE XIV 

DEMONSTRATION OF THE MOVEMENTS OF THE MAMMALIAN HEART. 

TH^ CARDIOGRAPH 

For the experiment a dog, cat, or rabbit is chosen, anaesthetised with 
ether and morphia, and subsequently curarised by injecting a 
solution of curare into the external jugular vein. Both vagi are 
exposed, and ligatures passed round them through an incision in the 
mid-hne of the neck. The trachea is then isolated, and a Y-shaped 
glass tube tied into its peripheral end. The heart is next exposed by 
cutting through the sternum with bone forceps, keeping to the mid- 
line as far as possible in order to avoid injuring any large blood vessel. 
The thoracic walls are then drawn well apart, so as to thoroughly 
expose the heart lying in the pericardium. 

As soon as the thorax is opened the lungs collapse and no longer 
follow the movements of the thoracic wall. The animal would therefore 
soon die of asphyxia, to prevent which it is necessary to supply it 
artificially with air. This is done by rhythmically blowing up the 
lungs through the trachea and then allowing them to collapse. 

■ 

There are many forms of apparatus which permit of this. A simple but 
very effective arrangement is shown in fig. 109. A continuous blast of air is 
obtained by the modified Bunsen pump, p. o is connected to a water tap, and 
as the water is forced through the orifice at v, which nearly fills the con- 
stricted neck of the outer receiver, air is drawn in through s. The mixture 
of water and entangled air is collected in the large glass bulb, and the water 
allowed to flow out through c. The supply of air is directed by a piece of 
tubing, A, to the two-way tap t, whence it passes according to the position of 
the tap along b to g, or, as represented in the figure, along the tube d to a 
Woulffs bottle, H, containing some ether or other anaesthetic. It then passes 
from F to G and thus to a coil of lead tubing, k, immersed in hot water, so that 
the air is warmed to body temperature. Another piece of tubing connects it 
to a Y-tube, one end of which, n, is tied into the trachea and the other is 
covered with rubber tubing which can be partially compressed by the clip M. 
The blast of air is made intermittent by either fixing a spring clip on L, which 
is then opened and closed by hand, or the same result is automatically effected 
by the arrangement seen at r. This consists of a lever held down by two 
springs so as to compress the tube against the base -board. The lever is 
raised intermittently by an eccentric driven from the shafting. 

Tho blast of air is moistened in the pump p. The force of distension of 
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the lungs can be modified in two ways. First by varying the compreasion of ^ 
the tube at u. The increase in resistance at m raises the piessure at N, and the 
lungs are therefore more diatended. The second method is to vary the 
pressure of the blast of aJr. Thie is attained by compressing c. an increased 
resistance to the oatHow of water leading to a higher pressure of the air. The 
screw clips are so arranged that suflicieut distensioa ia obtained with tb& ^ 
lowest pressure of air. Expiration is brought about by the elastic c ontraction 
of the lung which drives out the air through the tubs m. 

The pericardium is now slit up and ita cut edges stitched to the { 
thoracic wall on either aide. The heart is thus exposed and is attached 
to the recording apparatus, which consists of two levers, L' and L*, 
fig. 110, which are moved by two fine cotton threads passing over two 




pulleys, p' and p*. Each thread terminates in a shai-p book, whio] 

is passed into a small piece of the ventricular and auricular waT 

respectively. If the thread from the auricle does not pass freely ovfll 

the surface of the ventricle it may be made to glide over a 

held transversely above the heart, so that the thread is quite freefi 

surrounding parts. The magnification of the lever l' forthe ventri 

is 3-(o!d ; of the lever l' for the auricle 4-fold. Each lever it 

by weights, w', w*, placed near its axis, so as to avoid effects of inert 

as far as possible. 

The writing level's are brought to the horizontal position 1 
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fldjuatiog the lengths of the threads and the positions of the pulleys. 
They are then brought to the writing surface and two chronographs ] 
are arranged to write vertically below them — one to give a seconds time ' 
tracing, aud the other to act as a signal. 

Fig. Ill reproduces a piece of tracing obtained in this way, , 
the drum moving at a slow rate. The tracing is from a rabbit's heart, 
the upper given by the auricle, the lower by the ventricle. It gives a 
p of the amount of contrrtction of the two parts, and indirectly 



I 

V 




of the force of the contraction, the latter especially if the tension of 
the thread be fairly high. The variations in level of the apices of the ■ 
■ordinates are due to the respiratoiy movements. Each time the lung 
is inflated the base of the heart is a little raised, which slackens the 
thread and the lever descends. 

-One vagus is now cut and its peripheral end laid upon a pair of 
electrodes. It is then stimulated a few times and the results recorded. 
Fig. 112 gives the result of a fairly strong current. The stimulus is 
seen to act both on the strength and on the frequency of the beat, and 
to chiefly affect the auricle. Frequency and force are diminished 
both for auricle and ventricle. After cessation of stimulation the ven- 
itricle rapidly regains its previous condition, but tha ii.\iiAa\a teRftNssw. J 



143 EXPERIMEXTAI, PHYSIOLOGY 

much more slowly ; for a short time the extent of its contraction itA 
distinctly leas. 

The effect of varying the strength of the stimulus is very markt 
Weak Btimuli primarily affect the auricles, diminishing their rate a 
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force, but only secondarily affect the rate of the veutricle. Stronger 
stimuU may inhibit the auricle almost completely, whilst the ventricle 
siill beat3 with its original rate and force. The strongest stimuli also 



4 

le 



^1 aSect the ventricles and iDhibit them. The ventricles therefore are . 
^H much less under the influence of the vagus than the auricles. 
^H The method is of considerable value in that it offers a convenient 
^H method of observing the direct action of drugs upon the heart. As an 
^H instance of this ^e may record the effect of an injection of caffeine 
^M citrate into a vein. The exteraal jugular vein is exposed and the 
^M injection made in the manner described on p. 181. Fig, 113 shows the 
^H result of injecting 1 c.c. of a 4 per cent, solution of caffeine citrate in 
^B 1 per cent, sodium chloride solution into the external jugular of a cat. 
^H The solution was previously warmed to body temperature. It is seen 
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Fia. lia.— BESci,r of the Injection of 1 c.c. of a 4 rtji cest. Solit.dn 

OF C^FFEISE ClTHiTE. TRACING REDVCEll TO HaLF SiZE. 

ventricle, but more markedly on the auncle. The rate remains prac- 
tically unaltered, but the force is considerably diminished. Afterwards 
there is a gradual recovery, which is fairly rapid in the case of the 
ventricle, but slower in the case of the auricle. It the heart be 
watched during the action of the drug, it is observed that the right 
auricle becomes greatly distended with blood. It larger doses he 
inj'ected the effect becomes much more pronounced, and soon affects 
the ventricle quite as much as the auricle and in the same direction. 
The right auricle becomes very distended and its movements greatly 
impeded. With about 3 c.c. of the solution there is very frequently no 
recovery of the beat, and the animal dies. 

The effect of other drugs should also be tested. Lisi.t».\ia.\'i\.cKJC&. 
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to produce a gradual increase of force of the auricle, and a less markc 
change in the ventricular contraction when S c.c. of a. 0"! per cent. ■ 
solution are injected. Nenxine is found to cause & slight slowing of 
the beat and a rapid decrease in force of the auricle, soon followed by 
a gradual increase to about double its initial contraction, and then the 
effect slowly disappears. Upon the ventricle the changes are in the 
same direction, though very much lees in amount. 

To complete the demonstration the animal may be killed by 
asphyxia. For about the first half-minute the auriculai- beats increase 
in amount, remain at this height for some time, and then slowly begin 
to decrease. The ventricle beats remain practically the same for 
about 1^ minute, and then a very rapid change sets in. Some of the 
ventricle beats are dropped and the auricle beats faster ; both decrease 
greatly in force, and there is at first an increase in genera! tone, which 
is rapidly replaced by a decrease in tone, and then the beats gradually 
decrease and the animal dies. As soon as the rapid change in the 
heart begins, the right auricle is seen to become more and more filled 
with blood and soon becomes greatly distended ; a condition which, 
persists up to death. 

For the purpose of the examination of the heart in man ■ 
possess an instrument whose working should be studied in the follofl 
ing experiment :^ 



Experiment I.~Ta,ke a tracing of your own heart's impulae by mei 
the cBidiogirapti (Sg. 114). This consists of a, tombonr, f, the lower t 



BOf 




TbE CABDIOQHArG. 



which is cloEed by a rubber membrane, o, on the centre of which is 
a thin aluininiimi dieo, h. The cavity of this tambour is placed in ci; 
tion with a second, the recordinR tambonr, fi>;. 34, by the tube b. The lambot 
is fiied on three arms, and at the ends of these are three legs, a', - ' \ 
which can be screwed up or down and thus allow a vertical adjnstment a 
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the tambour. Fixed to the end of a apring u is an ivory button, c, fdmiBhad 
above with a pin wliieh comes iato contact with tbe disc on the tambonr. 
Expose the cheat and mark the spot at which the heart's impulae is best felt. 
Fit the lambotiron the ohest, ao that the tambour leata on the three feet, with 
the ivory button over the marked apot. It ia held in poaition by the bands 
e' and E*. Now vary the pressure of the button on the akin by altering the 
poaition of the three teet until the lever of the recording tambour gives a 
good excursion. Eecord a few heats on a drum revolving ^ cm. per second, 
taking a seconds time tracing under the record. 

The form of curve so obtained is shown io fig. 115. Itisternaeda , 
The moment of hardening is indicated by f 




ascent of the lever and the end of the ventricular syBtole by a sudden 
fall of the lever. The chief value of such a tracing is to give na 
reliable information as to the time at which the^heart contracts and 
relaxes when we wish to compare it with other phenomena occurring 
at the same time. 
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CHAPTER XV 

BOHB EIXFEBIHBNTS IN ELECTBO-FHYSlOLOaC 

That animal tissues are of themselves capable of producing cuirenta 
o£ electricity was first positively proved by Galvani's experiment of 
contraction without metals, but our earliest accurate knowledge 
relating to these currents is due to Du Bois-Reymond, who first gave 
us measurements of these currents, and taught us how best to study 
them under different conditions. 

If a frog's muscle be excised — choosing one in which the fibres 
run parallel to one another and to the surface of tbe excised muscle, 
such as the sartorius or semimembranosus— and connected to a 
galvanometer of high resistance by means of a pair of unpolarisable 
electrodes, one being placed at about the centre of the longitudinal 
surface and the other opposite a transverse section of the muscle 
made by cutting across the muscle near one end, Du Bois-Reymond 
showed that a current was produced by the muscle, which passed, in 
an outside circuit, from the longitudinal surface to the transverse 
section, and in the muscle, from transverse section to longitudinal 
surface. It was also shown that if the muscle were tetanised 
the amount of this current underwent a change, and in the direction 
of diminution. Du Bois^Eeymond termed the current obtained from 
the resting muscle the natural current or current of rest, and the 
alteration in it produced by stimulation the negative variation. Of 
other workers who have added to our knowledge, Hermann stands 
foremost, and is the author of the opposing view, which has steadily 
gained ground until it is now almost generally accepted, that normal 
muscle is iso-electric at all parts, and that it will only yield a current, 
either when injured atsome part, or on contraction. If one electrode 
be connected to an injured part and the other to an uninjured, the 
galvanometer will show a current passing from the uninjured to the 
injured part. Or, again, if two jso-electric points be connected to the 
galvanometer, and a muscle wave then started along the muscle, 
the galvanometer will show a current passing from the resting part to 
that in contraction. Further, a less injured or less active part is 
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electro -positive to one more injured or more active reBpeotively. 
Perfectly uninjured and resting muscle cannot be experimented upon 
because simple exposure of tbe muscle causes sufficient injury to set 
up differences in electro-motiyity. Still that a. perfectly nornaal 
resting muscle is iso-eleotrio is practically certain. The greater the 
care taken in the exposure of the muscle the less are the currents 
obtainable, and the heart, which can be exposed without injury, 
Bhowa no current when at rest. Conversely if a muscle be purposely 
injured it yields a current which is in proportion to the injury ; and 
an injured resting heart also gives a. current. 



I 



L EXPEEIMEITTS TO SHO'W THE EXISTENCE OF THE 
VARIO-na OtTRBENTS BT PHYSIOLQOIOAL MEAUB 

Experiitufnf 1. — Oalvani'i siperiment of contractioii witli metals. Solder 
a piece of copper wire to the end cf a piece of zinc wire. The wirea ehoiild 
be fairly thick and about 6 cm. in length. They may then be bent rotmd into 
the form of a U. Pith a frog, remove the akin from the back of the thigh and 
dissect out the sciatic. Lift up the nerve on the end of one of the wires, and 
with the end of the other touch any part of the frog. At each contact the 
muacleB of the leg give a twitch. In the more classical form of the experi- 
ment the vertebral column is cut across just above the sacrum, the whole , 
of the abdominal viscera removed and the. skin stripped off the legs. The 
nroBtyle and tbe muscles attaching it to the ilia are removed so as to 
expoHe both sciatic plexuses. An s-shaped hook of copper wire ie then passed 
ronnd both plexuses, and by this the frog is suspended to a clean iron tripod. 
If the tripod be now tilted bo that any part of the legs of the Irog touches 
tbe metal a twitch occurs in both legs. 

This was Galvani's first experiment, which he brought forward to 
prove the existence of animal electricity, and which led to tbe cele- 
brated controversy between bim and Volta. Volta proved — by the 
invention ot tbe voltaic pile— that the contraction was in reabty due 
to the current caused by contract between two dissimilar metals. 

Experiment 2.— Qalvani'i experiment of contraction without mstali. Very 
coreAUly dissect out a sciatic nerve and gastrocttemius and place it upon a 
clean dry glass plate. Lift up the nerve on a glass rod drawn out into the 
form of a hook and lower the cut end on to the lower end of the maaoie. 
With each contact the muscle contracts in response to the stimulus started 
in the nerve by tiie closure of the current of injury of the muscle. If the ex- 
periment does not at once succeed, injure the lower end of the muscle by . 
toaching it with a hot gliiRS rod or wire and then repeat the experiment. 

This is the crucial experiment wbicb definitely proved that part of 
Galvani's views as to tbe existence of animal currents. 

Experi-menl 3. — Elllme'i Bzperimsnt cf esntraetiaii without metals. Place 
a clean glass plate so that it projects about one inch over the edge of tbe 
table. Make two roUa of china clay moistened with normal saline and place 
then parallel to each other, so that they project beyond the edRa qE "Jpa 
glass plate, and turn down the projecting e&da ^iiU. V.^^t-^ 'Va:q% Xi^scKn 'Coa 



■148 



EXPERIMENTAL PHYSIOLOGY 



plate {fig. 116). Make a nerve muscle preparation ^the sciatic nerve and 
the whole of the leg below the knee—and place the cut end of the nerve on 
one clay pad and the middle of the nerve on the other. Great care must be 
taken of the nerve during its preparation. Place a little normal aaline in 
a watoli glftS3 and lift this up until both clay pads touch the fluid. At the 
oontBct the leg muBcles give a twitch, due to the closure of the current of 
injury of the nerve. 




Experiment 4. — Secondary contraction. Dissect out two nerve-muscle 
preparations and place them on a dry glass plate. Lift up the nerve of one, 
B, fig. 117, and place it in a loop over the muscle of the other preparation, a. 
Lay the nerve of a over a pair of electrodes, e, in connection with a Du Bois 
ke^, K, in a secondary circuit. Close k and connect a battery to the primary 
coil for tetanieing currents. Open the key k and the preparation a passes 
into tetanus. It is also found that b is thrown into tetanus. On closing k 
the tetanus of b ceases. 

This experiment is ol eonaiderable importance on several accounts. 
In the first place we can show by physiological means the existence 
of a current of injury in the muscle of a, for if the nerve of b be 
sensitive and it Is laid across the muscle of a and then its cut end 
dropped on to some other point of a, at the contact the muscle of b 
contiracts stimulated by the closure of the cuiTent of injury of A, In 
the second place it du'ectly demonstrates the ' negative variation ' or 
current of action of a, for it is due to the production of this current 
that the muscle b is stimulated when a is indirectly tetanised. In the 
third place it teaches ua one very important fact with regard to the 
nature of the physical events occurring iu a while it is being tetanised. 
This results from observing that e passes into tetanus when a is 
tetanised ; and as a muscle does not contract during the time that a 
constant current is passing through it, but only on make and break, 
it follows that the current of action of a must be intemiijjjeiji. Hence 
although the change of Tengl'h ol Vmay remain constant, one at least 
of the physical factors accompanying that contraction is intermittent. 
By other methods it has been shown that the rate of oscillation of the 
current of action of a is the same as that of the excitation. 
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By a somewhat similar experiment one muscle may be directly 
stimulated by the current of action of another. Thus if two sartoriue 
preparations be made from a curarieed frog and the one muscle 
pressed tightly against the other, so that at each end one of the 
muscles projects a little, tetanisation of one muscle at its uncovered 
end leads to a tetanus of the second. 

Expervment 5. — Show the current of action of the heart by excising the 
whole heart, and having nearjy emptied it of blood by touching it wiu dry 
blotting-paper, injure the apex of the ventricle and then place it on a 
thorongUy dried glass plate. Dissect out a sciatic very carefully and with 
the leg Btill attached place it on the heart, so that it crosses the base of the 
ventricle and its cut end hes on the mjnred spot at the apex of the heart. 
With each contraction of the heart the muEcles of the leg give a eingle 
twitch, being stimulated by the current of action of the heart. 

Apply a Stannius ligature to the heart, which is thus brought to a stand- 
still. With each mechanical atiroiilation the ventricle gives a beat and its 
current of action leads to a twitch of the leg muscles. 



n. EXAJiTDJATIOy OP THE DLPFEREITT OTJUEENTS BT 

MEANS OF THE BEFLEOTHTG GALVANOMETEB 

The galvanometer employed for this purpose consista of a pair of 

suspended magnets which are made very nearly astatic, each being 

Burrounded by a coil consisting of very many turns of fine insulated 
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Fio. 118. — Side Tikw or Galvasouetbe i 



nnulloBllj given 



The two coils are connected up so that the current is sent clock- 
wisQ through one coil, and anti-clockwise through the other (see 
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fig. 119). The reaistance of such a galvanometer is very high, from*" 
10,000 to 20,000 ohms, and therefore tends to weaken the current. 
This does not matter, however, when we are studying the current 
yielded by a piece of tissue whose resistance is very high, and are 
employing nnpolariaable electrodes whose resistance is also very 
great. Attached to the upper magnet is a Ught mirror by means of 
which a heam ot light is reflected, and thus any rotation of the 
magnet and attached mirror is detected by the movement of the 
reflected beam. 

The galvanometer is set up so that the mirror faces to the 
and the magnets and ooila therefore he in the magnetic meridian,^ 
The coil is provided with a sbunt by means 
ot which we can vary the amount of the 
current allowed to pass through the gal- 
vanometer when we are dealing with rela- 
tively large currents. This consists of three;! 
resistances of ^th, (i\|th, and d^gth of tixo« 
resistance of the galvanometer, and is con- 
nected up in parallel with the galvanometer, 
i.e. as a deriving circuit. By means of a plug 
we can utilise either of the three resistances, 
or by leaving out the plug send the whole 
current through the galvanometer. If the 
plug be inserted so that the resistance of 
Jth is in parallel with the galvanometer 
then the crurent is divided, 1 part passing 
through the galvanometer and 9 parts 
through the shunt, i.e. -yath. of the total cur- 
rent is sent through the galvanometer. 
Similarly by means of the other resistances 
we can send rJ-gth or -nr'rnr*^ of the cur- 
rent through the galvanometer. The shunt 
is further provided with a short -circuiting 
key, ao that all the current can be sent 
through the shunt and none aJlowed tO" 
^^^bf^l'Vb^S^J^^'a" P*^ through the galvanometer, 
ump iniLg'iia'^ n?ti!e°A °' ""' '^'^ observe the movements of the needier 

a source of light is condensed on to 
narrow vertical aht, and the hght from this is collected by a pro- 
jeoting lens and then thrown on to the mirror of the gal' 
meter, and so from this on to the scale (see fig. 118), where it i»\ 
focussed sharply by adjusting the position of the projecting lens. 
First determine the nature of the deflection by sending a 
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current of known direction through the galvanometer. For this 
purpose arrange the shunt to eend TTy'^ns'h of 'be current through the 
galvanometer and take a small battery made of a zinc and copper 
wire with wires soldered to them, passing through a cork, and dipping 
into Bome weak sulphuric acid in a small tube. The short-circuiting 
key of the shunt is closed, and then the leads are connected to the 
gal mometer. On opening the short circuit the spot of light is 
immediately deflected to one side, because the two wires form a httle 
batter of which the copper is the positive pole and the zinc the 
negative. Note which galvanometer terminal ia connected to the 
copper wire ; you will then know that if in the experiment a deflection 
occur i 1 the same direction the current causing it enters at that same 
terminal. Let ns suppose that when the spot of light is deflected 
to the north, the north terminal of the galvanometer is connected 
with the copper wire, and is therefore positive. 

A p... unpoiaris,„' '~ electrodes are now prepared and tested to 
show that they are iso-electric by connecting them to the galvano- 
meter and bringing the two clay guards in contact, when no deflection 
must occur. If there be a slight deflection the electrodes may often 
be rendered iso-electric by connecting their two terminals with a 
stout copper wire and then placing the two clay guards in contact, 
leaving them so for some hours. If much deflection be caused it ia 
better to remake the electrodes. 

Now make a semimembranosus and graciUa preparation, taking 
great care to injure it as little as possible. Place this across the 
unpolarisable electrodes, so that the centre rests on one electrode and 
the lower end upon the other. Open the key of the galvanometer 
and observe if any deflection be produced. It will usually be but slight, 
and in such direction to show that the tibial end is electro-negative 
to the equator. Now remove the muscle and injure the tibial end by 
touching it with a hot wire. Replace the muscle on the electrodes 
and again open the short-circuiting key of the galvanometer. A 
deflection ia now obtained in such direction as to show that the 
injured end is negative to the non-injured surface. This is the 
onrrent of injury. Nest apply a pair ot electrodes to the upper end 
of the musole and tetanise it. The galvanometer swings in the 
reverse dhection and may nearly reach the zero of the scale. This ia 



the cnrrent of action, and its direction shows that the injured end ^^^| 

has become less electro- negative relatively to the centre of the ^^^| 

muscle. ^^^H 

I It is further to be observed that the diminution of current peraista I 
throughout the whole time the muscle is tetanieally contracted, though, 

aa previously found (p. liS), the current of action is of an alternating J 
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character. This ia because the galvanometer cannot respond to theP 
rapid alternations, the inertia of the magnets being too great, and it ' 
therefore only gives a constant deflection proportional to the mean 
value of the alternations. 

The production of this current proves that a part of a muscle 
which ia contracting ia eleetro-negative to one which is at rest or in 
a. leas degree of contraction. The 'ij"'''j(| p"r* contracts less forcibly 
than the no n- injur ed, and it is because the injured part does not 
respond so weino stimuU that its negativity remains practically 
constant, whilst the negativity of the central active part hecomes 
greater relatively to its previous state. 



MEASUREMENTS OF POTENTIAL 
The method adopted by Da Bois-Eeymond for measuring thg^ 
B.M.P. of an animal current was that of compensation, in which the I 
current through the galvanonaeter is balanced by a fractional part of a 
constant current of known E.M.F, sent through the galvanometer i 
the reverse direction. The principle of the method is illustrated 1 
fig. 120. A Daniell battery ia connected to the two ends of a lon) 
platinum wire, a c, a commutator, k, being interposed ao that the d 

tion of the current througl 
the wire can be reversec 
The current to be measuredU 
is sent through the galJ 
vanometer and a part 
the platinum wire, viz. A 
the connection at ] 
movable. The muacl^fl 
cHiTent in the am 
of the figure passes from^l 
to B, and the Daniell current' J 
is, by placing the commu-- 
tator in the proper position, H 
directed from B to A. Aposi-' 
tion of B is now sought a.%,3 
which the galvanometers 
remains undeflected, when it follows that the branch circuit from J 
the Daniell through the galvanometer is equal to the muscle currenV^ 
and consequently that the E.M.F. between b and a due to the Daniell I 
ia equal to the E.M.F. of the muscle current. 

With the high external resistance the dlETerence of potenti^ 
between a and c ia practically that of the Daniell ceU ; and as the Vi 
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A C is uniform the fall of potential is regular, and therefore the E.M.F. 
between a and B is — -E, where E ia the E.M.F. of the DanielL 

AC 

In any particular experiment the position of b will be found to lie | 
quite close to a, so that the ratio of — is somewhere about '03. 

At times instead of using a simple wire, ac, for this purpose, twO" 
variable resistances are employed : one a low resistance representing' 
A B, the other a higher resistance representing b c : but the principle , 
is just the same as tor the wire. 

For another method of measuring the E.M.F. see p. 155. J 

EXAMIHATION OF THE HEAKT aTJEBEBTTS | 

(1) Pith a frog, expose its heart, and apply the Stannius liga- 
ture. Boll out the clay pads of the electrodes to sharp points and 
apply one to the base of the heart, the other to the apex. On opening 
the key of the shunt no deflection occurs. The resting heart is there- 
fore iso-electric. Eemove the apex electrode, and injure the apex by 
touching it with a hot wire, then replace the electrode. On opening 
the bey there is now a deflection which shows the injured spot nega- 
tive to the base or any other non-injured part. Stimulate the heart 
mechanically near the base. With each contraction thus caused, 
there is a diminution of the deflection of the galvanometer. There- 
fore the base becomes negative to the apex. This is the current of 
action of the heart. 

(2) A freshly excised heart is taken and most of the blood ' 
removed by soaking it up with filter paper. It is then laid across the 
electrodes, one touching the base, the other the apes. With each 
spontaneous beat of the heart there is a deflection of the galvanometer. 
This is found to be in such a direction as to show base becoming 
negative to apex. 

On a beating heart exposed in situ it has been shown by the 
capillary electrometer that the electromotive changes with each beat 
are diphasic in character. It is found that first the base becomes 
negative to the apex and then the apex to the base. If the apex be 
injured it then becomes monopbasic, base negative to apex with each 
beat. The injured part does not contact normally, and therefore does 
not become as negative as the non-injured during its contraction. 

If the base be injured then its potential remains unaltered and 
apex becomes negative to base with eaoh beat. It was in order to 
render the change monophasio that the apex was injured in the 
preceding experiment (1). 
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THE nAP TTT,AT t.V ELEOTROMETER 

The capillary electroiueter consisls of a piece of glass tubing with ita engtl 
drawn out to a fine capillary of an internal diameter of about 30 /i. This is 
filled with mercury and then immersed in diluted sulphuric acid (1 part to 
6 of water) contained in a eecond tube, in the bottom of which is some 
mercnry which serves by a platinum wire fused in the glass to make 
oontaot with tbe acid. Ths meToury in the upper tube is connected by a 




with tba pli 

3. The mplUBry tnl 
Inihthnm.^ (W.ller. 



second platinum wire which forms the other electrode. The ch&ngei 
position of the mercury surface in the capillary are watched under a mior 
scope. The upper tube is connected by stout rubber tubing to the lower ol 
two rflservoirs containing mercury, by altering the relative lieights of whi 
pressure can be exerted upon the surface of the mercury. With a oonsta 
pressure the mercury in the capillary is brought to a certain position it 
wbicb the capillarity is exactly balanced by the pressure. If a current b 
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now sent through the capillary it ie found that the mercury n 
direction of the current. This movement is due to the altered aiiriace 
tension brought about b; the current. Thus supposing Che current passeB 
along the capillary from mercury tn acid, the surface tension falls and the 
mercury moves down the tube. If the onrreat travel from acid to mercury 
the surface tension ripea, and the mercury moves up the tube until a new 
position is found in which the external pressure is again balanced by the 
capillarity. By increasing the pressure on the surface of the mercury the 
mercury may be again driven down the tube till the original position is once 
more reached. The differenoein level of the mercury in the pressure apparatus 
is a measure of the capiUarity> and therefore of the difierence of potential. By 
measuring the pressure when the position of the mercury in the capillary ia 
brought back to its initial position while a current is still passing through it, 
the instrument may be graduated and can then be directly used as a measurer 
of small currents. Its great advantage lies in that its electrical capacity is 
very small, and it can thus show very rapid changes of potential. There is 
no latency with the instrument and no after- oscillation. 

It is to be noted that this instrtiment measures electrical pressure, i.e. 
]>otential, whereas the galvanometer is a current-n 

Expej-iment 6, — Employ the capillary electrometer for the follow- 
ing esperiment. Pith a trog, excise its heart and place it on a pair 
ot unpolariaable electrodes with the apex on one electrode and the 
base on the other. 




Fio. 122. — Fboq's Heaht. Difbasic Vabiatiok. 






: negative 



To prevent the contact between electrodes and heart shifting during 
the beats the connection between each electrode and heart should be 
e by a thread moistened in normal saline. The electrodes are con- 
nected to the electrometer through a Du Bois key, so that the electro- 
meter can be short-circuited at tmy time. 

If the mercury be watched it will be found to move with each beat 
of the heart. 
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Instead of watching the changes with a heai't beating sponta- 
neously, the effect of a single beat may be observed by first applying 
the Stannius ligature and then mechanically stimulating the ventricle. 
With each contraction the mercury will move so as to show that 
the part stimulated becomes first negative and then positive to the 
other part. 

Examine the arrangement of a second electrometer which is fitted 
up to record the movement of the mercury meniscus photographically. 
The capillary is brightly illuminated in a projecting lantern and 
placed in front of a projecting lens by means of which a vertical image, 
of the mercury is thrown on to a vertical slit, part of which it 
A photographic plate is moved by clockwork behind the slit, and 
records the vertical movements of the mercury meniscus. 

The result of such an experiment is given in fig. 122. It shows 
that the electrical variation occurring in a single contraction of the 
uninjured heart is diphasic in character. In the first phase {i, fig. 
122) the base was negative to the apes ; in the second phase, ii, apex 
was negative to base. 
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and the other, the pero- 
terve, supplies the peroneal 
la. Follow the peroneal 
a little way down the log 
and cut it through. In this way 
is obtained a piece of the Eciatic, 
\ B (ti^ 123), with the upper ends 
of Its two main branches, one, B c, 
ruiinuig to the gaBtrocnemiuB, a, the 
other, HD, the igolated piece of the 
peroneal Place a pair of electrodes 
connected with the eeeondory coil 
under B n With each shock Bent 
through BS the gaBtrocnemius con- 
tracts 

This result is due to a part of the electrotonic current set up in 
the peroneal nerve passing through the fibres to the gastrocnemius aa 
they lie side by side in the sciatic, A b. It is not due to an escape of 
the current because the result is prevented by tying a ligature round 
the peroneal immediately above the electrodes sufficiently tightly to 
injure the fibres without, however, cutting through the nerve, which 
could therefore still act as an electrical conductor and permit escape 
of current. Moreover the contraction is not due to the negative 
variation sent along the peroneal fibres as a result of the stimulaticai, 
because it is not produced when the peroneal i 
mechanically. 



iimulaticai, ^^H 
stimulatddt^^l 
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CHAPTEE XVI 

SCHEMA OF THE CIBCULATION. THE SPHYaMOGBAPH 

The flow of the blood through the arteries, capillaries, and veins 
follows the laws which govern the flow of any fluid through a system 
of tubes, 80 that we are able to illustrate many of the features ot 
the blood flow upon an artificial arrangement of tubes drawn up in 
imitation of the circulation. Such an artificial system is known as a 
Schema of the circulation. On examining the conditions of flow 
in the blood vessels, we find that if we expose an artery it feela hard 
and distended to the touch, and that synchronously with each heart 
beat it swells and becomes harder. If we cut into an artery tho 
blood spurts out with considerable force which carries it to some 
distance, and in addition the outflow is of variable rate, for with each 
beat of the heart the flow is markedly accelerated. To stop the flow 
it is necessary either to tie or compress the vessel at some point 
nearer to the heart than the orifice which has been made into it. If, 
on the other hand, we lay bare a vein, it is found to be collapsed and 
very readily compressed, and when its cavity is completely oblite- I 
rated by compression it swells up on the side farthest from the heart. 
If we cut into a vein the blood flows from it at a good rate, but with 
shght force and in a constant stream, and to stop this flow it is 
necessary to tie the vein at any point of the vessel further from the 
heart than the incision. There are thus many great differences in 
the characters of the flow from an artery and vein respectively. This 
change in the nature of the flow is brought about either at the com- 
mencement of the capillaries or in the small terminal arteries, for if 
we examine the capillaries in a living animal under a microscope, the 
flow is found to be constant and not alternately fast and slow. Aa 
arteries subdivide, though each branch may be much smaller than the 
main trunk, yet the total transverse sectional area is invariably found 
to be greater than that of the main artery. Again, when we pasa 
from the small arteries to the capillaries, though each capillary ia of 
very small sectional area, their number is so immense that their total 
a. is many hundred times greater than that of the a.'rt.'scv.fs* 
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from which they have sprung. In examining the flow of a fluid 
along a tube, it is found that the resistance offered to the flow 
becomes progressively greater as the diameter of the tuhe along which 
it is forced is diminished. The resistance of the system of capillaries 
and minute arteries must therefore be very great, and this high peri- 
pheral resistance explains many of the important facts that we know 
of the distribution and flow of the blood in the various parts of the 
body. 

Other important points for us to note at the commencement of 
our study of the physical characters of the circulation are : (a) that 
the arterial walls are highly elastic, and (b) that the source of the 
energy required to propel the blood through the vessels is 
rhythmic contraction of the heart. 

By imitating these three features of the circulation in an arti- 
ficial schema, we can reproduce and study many of the importaol . 




phenomena presented to us by the circulation. Thus in the schem 
shown in fig. 124 the heart is represented by the enema syringe ttM 
which is provided with two valves, v' and v*, which permit the floi 
of the fluid from v* to v', hut not in the reverse direction, 
arterial system is represented by the rubber-tubing v' t, upon t 
oourse of which two manometers, m' and m*, are inserted. The ir 
meter consists essentially of a U-'ube held in a vertical positii 
The bend of the (J is filled with mercury, and one hmb which remaiilj 
open to the air can'ies a light float which rests on the upper surfaf 
of the mercury and accurately follows its movements. The upw 
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end ot the float is provided with a horizontal arm acting as a writing 
point, and thus the variations in the level of the surface of mercury 
can be recorded upon a moving surface. The other limb of the U is 
placed in communication with the interior of the tube t by means of 
a glass X-piece. One of these manometers is placed on the tubing t 
near to the syringe a, the other at the end of the tubing, which termi- 
nates in two branches, one passing through a abort piece of tubing 
which can be blocked by the screw clamp c ; the other passes to a 
piece of glass tubing, a, whose centre is tightly packed with glass 
wool. The two branches then reunite and are connected to a third 
manometer, m^, which latter is in its turn connected to the syringe S 
by the rubber-tube d. This last piece of tubing is ot wider bore and 
its walls are thin eo that it may represent the veins. In using the 
apparatus the three manometers are arranged to write their move- 
ments vertically over each other on a recording surface. By this 
apparatus we are able to study the changes in pressure as we vary \ 
the conditions of the experiment. 

Experiment 1. — First fill the schema with water by diaeonnecting at 
v' and placing both orifices under water. By pumping the syririge, water is 
then driven through the tubes until all the air ia displaced. The tube n is 
then compressed and a little more water forced in until the level of the 
mercury in the free limbs of the manometers lies about 2 cms, above that 
of the other hmb. The tube n is then reconnected to the syringe. The 
experiment may now be carried out in the following way ; («) Leave the 
clip c open, when we shall be studying the flow along a closed system of 
elastic tubes of wide bore and consequently offering but little resistance at 
each point. Now imitnte the beating of the heart by rhythmically com- 
pressing the syringe s, at first slowly and then gradually increasing the 
rate of the rhythm. 

On studying the tracings obtained the following points can be 
made out : — 

(1) The manometer u' begins to rise a little earlier than the 
manometer m^, but later than the instant at which more fluid is forced 
into the tube from the syringe. 

(2) The amplitude of the movement of the second manometer is 
rather less than that of the first. 

(3) The movements of the third manometer m* are practically the 
same as those of the other two. 

(4) There is no marked permanent excess of pressure at any 
point of the system over that at any other point. 

(5) The effect oE the filling (the diastole) of the syringe varies 
according to the rate at which it is allowed to fill. If the syringe be 
thick -walled so that it possesses considerable elastic recoil, as soon as 
it b let free it rapidly dilates and sucks in fluid from the tube d, thus 
setting up a lower pressure in that tube, which diminution of ^x^msots. 
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travels as a negative wave backwarda along the system, affeoting firat 
the manometer m', and later m' and m'. The effect upon thf 
meters is greater the thicker the walls of the tube d, and may be 
made quite small by increasing the length of that tube and diminish- 
ing its thickness. It is also decreased by choosing a syringe which 
does not dilate rapidly, 

In this part of the experiment practically the whole of the fli 
travels through the piece of wide tubing c. 

(6) In the second half of the esperiment. vary the conditions by inter- 
posing a high reBifitance to the flow at one point. This is attained by cloBing 
the tuba c by the clip, when the whole of the fluid must then pass through 
the glaaa tube g, which beinR packed tightly with glass-wool divides up the 
stream into n great nuraber of minute channels, reaembling capillaries, and 
thu3 offers a great cesiBtance to the flow. As before, pump fluid through the 
system, when the following results will be obtained; — 

{!) With each systole of the syringe the manometera m' and 
will record a rise of pressure as in the former case, but this sudd( 
rise will be absent from the record of manometer m^. 

(2) By the diastole the manometer m^ will alone be affected. 

(3) If only one emptying of the syringe be canied out after the 
oscillations have ceased, the manometers m' and m* stand at a higher 
level than m-', and only slowly fall, while m^ rises until the pressure 
is once more uniformly distributed. 

(4) If, before the pressure becomes thus equalised, the syringe be 
once more emptied, the manometers m' and m^ record a further rise 
of pressure, i.e. a summation of effect has taken place, which is fmi;her 
increased by a third emptying of the syringe, and so on. 

(5) If the emptying of the syringe be continued at a definite rate, 
at last a condition is reached at which the pressures recorded in the 
arterial manometers m' and m', instead of continuing to rise, oscillate 
about a mean pressure. The maintenance of pressure at a mean 
height means that this pressure is just sufficient to force out through 
the peripheral resistance during the time of one complete cycle 
exactly the same volume of fluid as is emptied into the arterial tube 
at each contraction of the syringe. If the movements of m^ during 
this time be nest studied, it is found that the only sudden variations 
are the negative waves caused by the active recoil of the syringe as 
it returns to its original shape. These rhythmic diminutions in 
pressure do not travel through the high resistance at a, and there- 
fore do not make themselves felt in the other two manometers. If 
the emptying of the syringe be repeated sufficiently rapidly, it is 
found that the mean pressure recorded by the third manometer falls 
below zero pressure, and takes a negative value. If the movementftt 
of the third manometer be not too much masked by these negatii 
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wSiVea, it is found that the pressure in that part of the system shows 
a gradual and uniform rise after fche filling of the syringe, or, in other 
words, the outflow through the high peripheral resistance ia uniform, 
though the inflow into the arterial tube t is intermittent. 

It is while worlting in this latter manner that the schema very 
closely reproduces the conditions as found in the circulatory system 
dming life. The rhythmic emptying of the syringe into the elastic 
tube T, which is filled with fluid exerting a high pressure upon its 
walls, reproduces the emptying of the left ventricle into the over- 
distended and elastic aorta. The relative distribution of the fluid ia 
le in both cases, the arterial tube of the schema being over- 
filled, and its elastic walls stretched, whereas on the venous side the 
reverse is the case. The most important particular, however, in 
which the schema reproduces the conditions found in the circulatory 
mechanism ia the conversion of an intermittent flow at the commence- 
ment of the arterial tube into a continuous flow through the venous 
tube. The two factors which lead to this result are : — 

(1) The existence of a high peripheral resistance ; for when that 
resistance was absent, i.e. when the tube C was open, the flow through 
the venous tube was intermittent ; and 

(2) The elasticity of the walls of the arterial tube t. 
The influence of the latter can be best exemplified by considering 

what would happen if the tube were replaced by one whose walls 
were rigid. In such a case, as the fluid is incompressible and the 
tube, being rigid, cannot he expanded to hold a larger volume, any 
fluid forced into the commencement of the tube necessitates the 
ejection of exactly the same volume of fluid from the opposite end at 

I exactly the same instant. Hence, if the inflow to such a tube be 
intermittent the outflow must also be intermittent. 
There is another point of view from which we may advantageously 
consider the flow of fluid in the schema, namely, by studying the 
amount of work and the way in which it is applied in setting up the 
flow, and on the other hand the utilisation of that store of energy, 
The source of energy is the pumping of the syringe : the loss 
caused by the friction the fluid encounters in its flow both againsi 
the walls of the tubes and at successive layers vrithin the fluid itself 
where it is moving at difierent velocities. 
We may, for our present purpose, leave out of account the modifi- 
cations caused by gravity, for as the fluid is ultimately returned 
the same level, they on the whole counterbalance one another. 
The energy of each emptying of the syringe is at once transferred to 
the fluid, and is there represented by the velocity imparted to it, and 
by the pressure set up in it. As soon as the fluid is forced into the 
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eltistic tube some of the energy is at once imparted to the tube wallfl 
and is represented by the stretching of the wall, which, being elastic, 
csan recoil and thus le-impait its store of energy to the fluid from 
which it received it. This is the most important factor explaining 
the conversion of the intermittent flow from the syringe into a con- 
stant flow through the high resistance o ; for though the original 
source of energy ia intermittent in its action, the recoil of the tube 
wall is constant and lasts as long as the tube is kept over- distended. 
The elastic wall therefore acts as a means of temporarily storing 
the energy produced by each forcible emptying of the syringe and 
subsequently yielding it up again, not as a sudden discharge analogous 
to the manner in which it received that energy, but as a steady 
delivery extending over some time. 

There is a further phenomenon of the circulation which we can 
also study upon the schema, namely, the pulse wave. At each 
emptying of the syringe the fluid ejected at first only produces a. 
distension of the fii-st part of the arterial tube, and as a consequence 
that part is at a higher tension than that of the piece of tube 
immediately following. It therefore contracts and forces some of its 
contents into the nest piece of tubmg, which in its turn becomes 
more stretched than the piece nest following, and therefore contracts, 
and so the series of phenomena are repeated along the whole tube. 
Thus a wave of distension and contraction passes along the tube, 
which wave is known as a pulse wave. As the pulse wave is in 
reality a wave of pressure we can study it by recording the changes 
in pressure at two points on the tube by means of manometers, as in 
the previous experiment, or we can examine it by recording the 
changes in the transverse diameter of the tube at two different points, 
which is, of course, but another way of recording changes of pressure, 
for the tube is distended in proportion to the pressure of the fluid 
within it. We will employ this latter method, for it is the one 
ordinarily employed in recording the pulse wave in man. 

Experiment 2.^For this purpoae we may modify the apparatua of &g. 
124 by omitting the manometers and in their place pasa the tube over two 
grooved metal sapporta, a and b, fig. 125, firmly fixed to coUara held upon a 
vertical bar. Attached to the two coUara are recording levers l' l', which 
are moved by two light vertical rods with grooved pads, b and F, at their 
ends where theyreat upon the tube. In thia way an increaae of the diameter 
of the tnbe ia recorded as a rise of the writing lever. Adjust the two points 
to write vertioally over one another, and record the movements of the two 
levers caused by a single compression of the syringe, and secondly by a 
series of regularly repeated compressions. 

In such an experiment it is found that there is an appreciable 
time interval between the instants at which the tube begins to expand 
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at the two points, and by & mea-sucement of this time {t sees.) and of 
the distance between the two points {I cms.) the velocity of the wave 
is at once given in cma. per sec. by the quotient -- To determine the 

wave length we must divide its velocity by the total time taken for 
the wave to pass any one point. 

Note that in the two tracings the amplitude of the tracing recorded 
by the lever nearer the syringe is greater than that of the second 
tracing, which means that the pressure at the second point does not 
reach so high a value as at the first, some of the energy remaining 
stored up in the preceding portions of the tube. 

In the later portions of the two recorded waves secondary waves 
are seen, which are due to the reflection of the primary wave from 




the end of the tube, where it impinges on the peripheral resistance. 
Note that these waves occur at an earlier stage in the second tracing 
than in the first. In addition to these, other waves are sometimes 
seen in the early part of the descending portions of the two tracings, 
which are due to the elastic vibrations of the tube. 

Alterations in the characters of the wave, according to the initial 
pressure of the fluid in the tube, should also be examined. As we 
wish to study only a single wave, our object can be beat gained by 
compressing the tube beyond the peripheral resistance, so that no 
fluid can escape. After each compression of the syringe the pressure 
of the fluid in the tube then remains permanently raised, and we may 
thus record a series of waves at gradually increasing pressures. It 
is found that as the pressure is raised the velocity of the puUa ^v>«k 
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IB greatly IncreaBed, and eo, too, is the wave length. Moreover, i 
the velocity increaaea, the secondary waves, due to reflection at the 
peripheral resistanoe, occur at an earlier point upon the descending 
part of the record. 

From a consideration of the pulse wave as studied in a scbema, 
we may now pass to an examination of the pulse as occurring in an 
artery during life. The instruments hy which this is effected are 
termed sphygmographs, and their aim is to record changes in diameter 
of the artery with each heart beat. These changes in diameter are 
dae to changes of the pressure of the blood in the artery, and con- 
sequently in taking a pulse tracing we are in reality recording the 
variations of blood pressure in that artery. 

Experiment 3. — Take a pulse tracing by means of Marey's Sphyg* 1 
VK^prapb, fig. 136. ^ 

It consiBtB of a recording lever which writee on a blackened surface moved 
by elockwork. Fig. 127 shows the principle of the inetnunent. It is sapported 
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Djion the arm by two runners, between which lies a button, K, placed a' 
end of a spring, s''. The button is placed over the radial artery at the k 
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and ita preBsure on the artery is modified by the screw F or by an eccentric 
as in fig. 126. On the npper surface of the spring reate the end of a screw, 
p. which carriea a amaO lever terminating in on upright with a, knife-edge, b. 
The knife-edge cornea into contact with the recording lever l at a point very 
close to ita axis and on the metal piece a. Thia metal piece ia not connected 
to the screw q p. The lever is kept in contact with the knifa-edge by a weak 
spring, s'. By turning the acrew a the knife-edge ia raised or lowered, and 
so the lever l is adjusted to record its movements on the recording surface. 



In fig. 128 is reproduced a trac 
unit is seen to consist of a rapid !■■ 



ig obtained by this method. Each 
icent followed by a more gradual 




'lo. 128.— Sphvououium Takkx i 
Wave ; c, tbe Dioboiic Notch 
Wavb. 

esoent, The aBoent in a normal tracing is unbroken. In the 
descent is seen one conspicuous break in the curve at c. This is the 
dicrotic notch. The descent from & to c shows one slight break just 
above c : this is the pre-dicrotic wave. The descent from d to e shows 
one or two further Vfaves : these are the post-dicrotic waves. The 
taain wave from a to 5 is termed the primary or percussion wave. 

The record is one of the changes of transverse diameter of tbe 
artery, though it ia complicated by the fact that the artery ia 
accompanied by veins, and the state of distension of these can exert 
•n effect upon the tracing. By comparison of the puise tracing of 
,n animal with a simultaneously taken record of the intra-ventricular 
and aortic pressures the meaning of the different parts has been 
elucidated. The sudden rise of the lever from a to i is due to the 
sudden forcing of a fresh quantity of blood by the heart into the 
elastic aorta. This produces a sudden rise of pressure and distension 
of the aorta, which is then propagated as a wave of distension over 
the whole arterial system. The dicrotic notch is immediately 

I preceded by the closure of the semi-lunar valves. The dicrotic wave 
is therefore a secondary wave produced by reflexion from the surface 
of the valves. The pre-diorotio and post-dicrotic waves are waves 
of oscillation produced in the elastic arterial wall. They are more 
conspicuous in pulse tracings taken from persons in whom the blood 
pressure is high. 
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Experiment 4. — Take another tracing of the movetnenta ai the radial'l 
arterjr by means oi Sudreon'B SpbysmorrBpli (£g. 129). The Eorm repre> 
Bented in this figure in a modification of the origint^ pattern due to Richard- 
son. A strip of paper blaekened on its npper amface is carried under the 
writing lever by two revolving rollers, the npper one of which is furnished 
with a series of sharp edges which record lines 2 mm. apart upon the 
blackened paper. These edge h are interrupted bo that the horizontal linaB'_ 




Fio. 139. — Rickabcbon' 
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ore broken, and the clockwork ie eo made that each break followe the preceda I 
ing break after a distance of 2 mm. 

The arrangement of the levers in Dudgeon's sphygmograph is die^rain- 

matically represented in fig. 130. v is m% 
little metal pad which rests upon the art* 
and which follows the changes of its d 
meter. It is kept in contact with the si 
by aid of a small weight, w, which slide 
alongarod, KL.pivotedat K. Byvaryingth 
position of the weight the pressure exeiiied'V 
upon the artery can be altered at pleasure, fl 
A bent brass lever, c b a, rotates round an j 
ax\i at B. Its Rhort arm e a passes thiongh 
a hole bored in the upright of the pad p. 
FiQ, 130.— Plan of the Levews A^y movement of p is therefore eomnanni 
IN Dudgeon's Sphyquoohaph. cated to b a, and therefore to c, where it ii 
magnified about five times, because the Ion 

arm b C of the bent lever is about five times that of the short oi ' 

lever, n c F, rotates round an axis at d and has attached to it ^ 

style, P G. It passes through a ring termiual at c and is kept in contact with 
c by the counterpoise E, The movement at c is therefore communicated to 
c F and magnified at F about five times because sf is about five ti 
The movement of the writingpoint o ispractically that of f. Thus the totftl^J 
magnification of the movement of f is twenty-five times, m is the writiD|[ J 
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Fig. 131 givGB two Bphygmograms obtained by this instrumenti, 1 
Tracing i ie from a. rather low-tenaion pulse, und tracing ii from a 1 
high-tension pulse. The dicrotic notch is much more conapicuoue in i 
tracing i than in tracing ii. In ii the pre- and post-dicrotic waves ' 
are much better marked than in the low-tension pulse. Note further 




the difference in excursion between the two and the c 

rate of beat. The clock is bo set that it carries the paper through in 

exactly ten seconds, so that if the total number of waves recorded on 1 

the paper be multiplied by 6 the rate of beat per minute ia at once ] 

given. 
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CHAPTER XVII 



For this experiment the following apparatus iB ueoeBBsr; (Sg. 132), The 
writing Bucface consista of an endless roU of blackened paper Btretched between 
two druniB, one of which can be rotated at a slow rate by a tangent screw in 
the ordinary manner. The recording levers consist of a tambour, t^, to record 
the respiratory movements, a mercnry manonieter, h, with float, w, and two 
chionographa, cc. All these writing points are arranged of such a length and 
in Bucb position that all lie in th e sam e ver tical line on the recording sur&ce. 
Of the two chronographs the lo^rtf^nftl! 'eSlWBbted to a dock, cl, ticking 
seaonde and a battery, b'. Attached to the escapement of the clock is a wire 
which each second dips into a cup of mercury (seen vertically below cl in the 
figure), thiiB dosing a circuit and actuating the chronograph. The upper 
chronograph ia arranged to record the nero pressure, and is also utilised to 
mark the instant at which any stimulation is made. For this purpose it is 
connected in series nith a batter^' b', the two pillars of a coil a and a key K. 
On dosing k the Neef s hammer vibrates, and with each rise and fall of the 
hammer the chronograph lever rises and falls. To the terminals of the 
secondary coil a pair of shielded electrodes, b, is connected. 

To record the respiratory movements for this experiment a receiving 
tambonr, t', is £tted on a horizontal rod with the rubber membrane facing 
downwards. To the centre of the membrane a cork ia cemented and the 
tambotir la then held over the rabbit in such a way that the cork rests on the 
abdomen at a part that moves freely with each respiratioti. This tambour 
ia connected by rubber tubing, into which a -piece is inserted, with the 
recording tambonr T^. With each inspiration the abdomen riseB, forcee air 
out of the tambour t' into the tambour t^, the lever of which therefore rises. 

The mercury manometer consists of two vertically placed glass tnbes of 
equal bore, about half-flUed with mercury. In one of these a float, w, rests 
on the upper surface of the mercury. The other is connected by a piece of 
thick-wcdled pressure tubing to a pressure bottle, pb, which is filled with a 
half-saturated solution of sodium sulphate. A spring clip, L, controls the 
connection of the pressure bottle with the manometer. This second tube of 
the manometer is connected by a lateral piece with a metal tube on which is 
a tap, s, and this, by rubber tubing of narrow bore and thick walla, can be 
connected to the cannula in the artery. 

The apparatus being prepared, a rabbit is tied doivn to a holder and put 
imder ether. Its head is then fixed by a Czermak's rabbit-bolder. A 
median incision is made through the skin of the neck for about four inches, 
so as to expose the larynx at the upper end of the incision. The platysma is 
cut through in the mid-line. The sCemo-mastoid ia separated from Hie Bterno- 
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hyoid, which bringa into view the carotid artery c, tig. 133, accompKiiiej^__ 
b; a Bmall vein or veins and in relation to several nerves. Superflciallj lies Tl 
the descendens noni. Immediately behind the artery lies the vagns, vr, 
behind and to the inner aide the eympathetic, si/, and depressor nerve, i>. 
The vagoa is first of all eeparated high up oppoaite the larynx, and ita trans- 
verse brfinch, the superior luryngeal, sl, fig. 126, is isolated. A small nerve, 
arising either fi-om the superior larynfipal or hy two roots, one from this and 




Fm. 133. 

the other from the vagus, is next sought for. This nerve is the depressor 
nerve, d. It ia isolated for about two inches of its conrse and a fine silk 
thread passed under it. The ends of the thread are knotted, so that a loop is 
formed ronnd the nerve, by which it can be easily lifted fi-om the wound at 
anj time. A double silli thread of another colour is then passed round the 
vagus and its ends tied together. The vagus of the oppoaite aide is next 
exposed and ligatures passed round it, The sciatic nerve is then exposed by 
an inoiflion down the middle of the external surface of the thigh, cutting 
through the vastus extemus, and a hgature is passed round it. 

A cannula is now inserted into one of the carotids. The most convenient 
cannula is of the form shown in fig. 134, B. It consists of a glass bulb with 
three tubes leading from it. One is of fine bore 
for insertion into the artery. It has a constricted 
neck and its lower end is cut off obliquely and 
has rounded margins. The tube opposite thia baa 
two constrictions on it, so that rubber tubing does 
not easily sfip off. A short piece of thick-walled 
pressure tubing is fixed to this and a screw clip 
fitted over it, so that it can be completely closed. 
The lateral tube is for attachment to the merciiry 
manometer. To insert the cannula a long piece 
I of the carotid is isolated and a double tluead 
passed under it. One ia then tied at the upper 
end of the isolated piece so as to stop the flow of 
blood. On the lower end a pair of bull-dog forceps 
is placed in such a way as to compress the vessel 
and stop the blood-flow. With a pair of sharp- 
pointed scissors the artery is now cut into hy slii 
incision which cuts through about one-third of 
the circumference, and is directed obliquely down- 
wards. By holding up the flap of artery wall thus made the cannula con 
easily be inserted into the vessel and tied in by the second thread already 
placed there, the thread tying in the constriction on the wall of the cannula. 
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The Einimal is placed in a, convemeiit position with respect to the ma 
meter and the cannula connected to the latter. The presHure bottle is raised 
until it ia about £ve feet above the level of the morcury in. the manometer, 
And with the tap s turned on fluid is mn from the pTeasare bottle through 
the manometer along the tubing to the canntJa, tmtil all the air is displaced 
from these tubes. The flow from the pressure bottle is then stopped. The 
writing point of the upper chronograph ia brought to the level of that of 
the float, and conaequently drowa aji abaciaea line of zero pressure. It 
should be noticed that the level of the mercur; in the two limbii is not the 
some, that in the open limh being a little higher than that in the otheF, 
becauae thia mercnry haa to balance the presanre of a, column of salt aolutiou 
equal in height to the difference in level between the mercury and orifice of 
the cannula. The clip on the tubing on the free orifice of the cannula is next 
screwed tight. The clip on the tubing from the pressure bottle ia once more 
opened, but now no fluid can escape. The mercury in the open limb of the 
manometer therefore risea, and carries the float with it, until the difference 
in level of the mercury in the two limbs balances the pressure of the fluid in 
the pressure bottle acting on the closed manometer limb. Thia will be at 
a level of about 70 to 80 mm. above the zero absciaaa line. The increase of 
preasure inside the manometer ia measured by the increaaein distance of the 
two mercury surfaces, but the height recorded by the float is only the move- 
ment of the naercury surface in the open limb. If the bore of the tubing 
forming the two limbs be equal, the rise in the one limb is equal to the fall in 
the other. Consequently the increase of pressure exerted by the fluid is 
measured by a mercury column 140 to 160 mm. in height. Therefore in 
a tracing obtained by itxe mercury manometer to determine the preasure 
recorded at any inatant, we must measure ita height above the zero abaciasB 
line and multiply thia by 2, which givea the equivalent height of a mercury 
ooltunn which just balances tlie preasure. 

The buH-dog forceps are now removed from the artery, when the mercury 
will begin tooacillate up and down, and at about theseuue level as that it baa 
been raised to by the pressure bottle. The object of the pressure bottle is in 
the first place to give a convenient means of tilling the apparatua with a fluid 
which when mixed with blood tenda to prevent its ooagulation. Sodium 
carbonate or magnesium sulphate solutions are also employed for this purpose; 
but, on the whole, sodium eulphate is perhaps the best salt to employ. The 
pressure bottle further performs another very important service in raising 
the level of the mercury to a height which wiU approximately represent that 
of the blood presanre. If this be not done, on connection with the artery the 
blood itself would have to raise the mercury thus entering the cannula in 

le volume, not only causing a loss of blood to the animal, hut leading 

ner or later to coagulation and blocking of the cannula. Placing the 
pressure bottle too high is also to be avoided, for then some of the fluid will 
leave the manometer and cannula, and pass into the circulating blood. 

In taking the bJood pressure by a. cannula placed in the carotid we must 
remember that we are not measuring the blood preasure in the carotid as it 
exista in life, because we have completely stopped its flow along the vessel. 
are really measuring the pressure on the side wall of the artery from 
which the carotid springs, i.e. either the subclavian or aorta, aa the case may 
be, along which the blood is still flowing in a normal manner. ' 

We may now carry out the experiment in the following manner : 

1. Record of the normal tracing.— Two or three short pieces of 

tracing are taken with varying speeds of recording surface. Pig. 135 

gives a typical piece of tracing from the rabbit, but the student should 
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^1 If a record of the heart beat be tciken simuItaneouBly with a blood- ^^^| 
H pressure tracing, it is found that the record of rise of pressure ^^H 
H -with each beat follows with a considerable latency after the record ^^H 
H of the heart itself. The respiratory waves are generally regarded as ^^H 
^1 caused by alterations in the volume of blood admitted to the auricle. ^^^| 
^B During inspuration the greater negative pressure in the thorax draws ^^^| 
H more blood from the great veins into the thorax, leading to an ^^H 
^1 increased flow through the heart and a consequent rise in blood ^^^ 
H pressure. This increased flow rloes not commence at the instant 1 
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FiQ. 136.— Blooi. Pressure asi> Bespiiutury Tr^cino of k Curaribeb Cat 

UNIIEH MOBPEIA. AbTIFICIAL KkBPIBATIOS. TlME TRiCISO SECOSM. 

aspiration commences, but at a short interval after. The rise it 
food pressure, therefore, is not instantaneous with the com 
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aencement of mspiration, but follow? it alter an mterva! ot abou 
wo to three heart beats. In espiratTon there la a diminished bloo 
ow to the ventricle, and therefore a fall in blood pressure, and ther 
an analogous latency, blood pressure only beginning to fall at ai 
spreciable interval after expiration has commenced. The effect o 
le respiratory movements in varying the blood pressure is we 
llustrated by studying the changes during artificial respiratior 
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the extra filling of the left auricle by the increased pressure of 
the air emptying the blood f rom th e lung "flipillpi'?"" The in- 
creased pressure in the thorax retards the flow of venous blood into 
the right auricle ; less, therefore, is sent into the pulmonary arteiy by 
the ventricle and the pressure in this artery falls. From this fall in 
pressure, and because of the o bstruc tion to the flow through the jyil- 
monary c apillariea-d ue to the pressure of the air upon them, less blood 
is delivered into the left auricle, hence less into the left ventricle, and, 
therefore, a fall in aortic blood pressure. 

By measuring the mean height of the tracing in fig. 135, above the 
zero abscissa hue it is seen that the mean blood pressure ia 140 mm. of 
mercury. 

2. Stiiiinlation of the depressor nerve. — The nerve is laid on a 
pair of shielded electrodes, and is stimulated vrhile a record is being 
taken- The experiment is repeated two or three times, varying the 
strength of stimulation. Fig. 137 gives a typical result. It is seen 
that after a short latent period of about two seconds the blood pres- 
sure gradually fell from a mean pressure of 140 mm. Hg to one of 
124 mm. Hg, but that the character of the tracing was not in any 
way altered. The heart waves and respiratory waves are still present, 
and remain as before. When stimulation ceased the pressure once 
more began to rise after a latent period of about two seconds, and 
quickly regained its original mean value. 

The depressor nerve is au a fferent nerve which transmits im- 
pulses from the heart, mainly from the endocardiuto to the vaso- 
motor c entr e in the medulla . If the nerve be divided and its peripheral 
end stimulated no result is obtained. Stimulation of its central end 
produces the result already described. It does not act upon the 
cardiac cen tre, but only upon the va so- moto r centoe, whose action it 
BO m'o'dMes as to cause dilatation of the peripheral blood vessels and 
therefore a fall in blood pressure. Normally it must act as a kind of 
safety-valve to the heart under conditions when it becomes difficult 
lor the heart to empty itself against a too high pressure, due either 
to a higher pressure in the aorta or an overfiUing of the ventricle. 
The increased resistance thus caused stimulates the depressor, the 
blood pressure falls by dilatation of vessais, chiefly of the BjJgQgtm^^ 
areai.andtheheartisuowabletoempty itself without any special stress. 

3. Stimulation of the sciatic nerve.— While recording the blood 
pressure the central end of the divided sciatic is stimulated, varying 
the stimulus until a typical effect is produced. The sciatic is chosen 
simply as a convenient nerve containing aff erent fibr es, for precisely 
the same effect is produced with any sim^ffffiWSn^he result shows 
a rise of pressure, starting soon after CH^timulati on commenced, and 
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WHS obtained in this way : it is from a cat under morphia and 
-curai'ised. It shows that the blood pressure rose from a mean height 
of 94 mm. Hg to one of 144 mm., but that the characters of the 
tracing were otherwise retained in a perfectly characteristic manner. 
This rise in pressure is due to a reflex constriction of the f 
arterioles,^ and persists 



Tn 



oiuciiijico, iiiju. jjciaiaud for some time. 
aBoEsheahy sectio n of the^_gjjlaJlfilujic8. 

4. Stimnlatioii of the peripheral end of the vagns. — While the 
record is being taken one vagus is ligatured in two places and cut 
between the two ligatures. There is, as a rule, no effect upon the 
blood pressure or respiration. The peripheral end is laid on electrodes 




and stimulated, the stimulation being repeated once or twice with 
ditferent strengths of stimulus. Figs. 140 and 141 show the effect of 
such stimulations. Fig. 140 is with weak stinaulation, which produced 
slowing of the heart beat hut no stoppage. It is seen that there is 
J. marked fall in Ijlood pressure, which, however, did not commence 
the instant the stimulus was applied. The variations of pressure now 
recorded as caused by each heart beat are seen to be very much 

jr. This is not due to an increase in force of the ventricular 
contraction, for, as we have previously seen, the force of the beat is 

ea|g^ on vagal stimulation (p. 141 ). Nor, agam, is it entirely due 
brthe diminished blood pressure, enabhng the heai't to produce a 



larger variation with the aame force. It ia mainly due to the inertia 
of the recording instrument. With the rapidly beating heart th& 
manometer could oiily respond to a limited extent to the change of 
pressure produced; but now that the beat is slower more 
time is allowed to the manometer, and its movements therefore-. 




increase in amphtude. After stimulation ceased the rate of beat 
very quickly increased, and this, aided by an in creas e in ventricular 
force and a partial constriction of the arterioies, led to a rise of blood 
pressure to a greater height than before ; but this waa soon followed 
by a fall, the mean pressure once more attaining its initial value. 
Fig. 141 is a similar result, hut the stimulation was strong* 
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inhibition more complete. The fall at the first stimulation ia seen to ^ 
be greater, and only a single beat occurred during stimulation. After 
the stimulua ceased the heart soon regained its rhythm, and the 
characters of the trace were practically the same as those studied m 
the previous instance. 

The result of a second stimulation a reproduced because it 
illustrates another effect which ia obtained if the vagus be frequently 
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Fin. 111.— Two Sut-CE3BIVE 3tii!i;latiu.\s or I'HE Pkuipuekal End of the Kiuht 

HALF Size. 1 

stimulated. It was obtained by stimulating the vagus with the same 
strenglt of current as that used for the preceding instance and after 
an inteirviU of fifteen seconds. It is seen that while the stimulation 
still continued the heart recommenced to beat and the blood pressure 
gradually rose. This result is known as the esoaye of tkejieart from 
vaults inhibition. It becomes more and more marked the longer tlie 
stimfil^is continued, and it stimulation be repeated a few times, at 
last a stage is reached in which no effect upon the heart nor upon the 
blood pressure is produced. 

5. Stimalatioa of the central end of the va^na.— The reault of aaoh 
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very clearly 

convulaive 
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reflex inhibition of the heart is also caused, and this leads to a fall 
blood pressure. 

If the animal be under curare this reflex inhibition is 
seen, for it is then uncomplicated by the results of thf 
movements. It is abohshed by section of the opposifg ^ 

6. Effect of the intfavenouB injection of a smaU doBe o 
There are many drugs which when injected directly into 
tion produce marked results upon the blood pressure 
instance 0'5 o.c. of a O'l per cent, solution of nicotine ij 
NaCl solution is Injected into the external jugular vei 
this the vein is exposed and a ligature passed round it. 



: nicotine, — 

the circula- 
typical 
1 per cent. 
, To effect 
.\bout one 



As 




I inch of it is isolated and the lower end ia closed by a pair of bull-dog 
forceps. The vein now distends with blood and the Ugature is then 
tied at the upper end. A single turn only is given to the ligature, so 
that it can easily be loosened if at a subsequent time we wish to refill 
the vein with blood. A hypodermic syringe with a fine needle is now 
filled with the solution to be injected, and the needle inserted into the 
vein; a procedure which is rendered easy by the distension of the 
vein. The bull-dog forceps are removed, and at a given signal the 
injection made. The vein is then emptied of blood and solution by 
passing the finger along it and the clip forceps replaced in position. 
The result of such an injection is shown in fig. 143. It is seen 
that a great rise in blood pressure is produced which may be so 
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marked if the dose be at all large that the mercury m ay.be driven oi^l 
of the manometer. In the figure reproduced it is seen that the 
preesTire rose gradually froEQ a mean pressure of 84 mm. Hg to one 
of 136 mm., and from that point it gradually sank, though some 
minutes later it was still distinctly higher than at the start. At the 
commencement of the tracing there are some irregularities which were 
due to alterations in the respiratory rhythm. This rise is due to a 
marked cqjmjjjcjion of the artenoleg. A similar result, though not 
to so marked an extent, is produced by an injection of awatery extract 
of themed^y^ijtportion of the supra- renal gl&pd. On the other hand 
an extract of the corte x produces practically no effect upon the blood 
pressiure. 

7. The effect of asphyxia.— The experiment may be conveniently 
concluded by killing the anima! by asphyxia. This is effected by com- 
pressing the trachea by clip forceps or a ligature. If the animal be 
under the influence of curare, stopping the artificial respiration is 
sufficient. 

Death by asphyxia is described as occurring in three stages, pro- 
ducing typical results in the blood-pressure tracing. The first stage, 
lasting from a to b (pi. 2), is the stage of dyspnoea. The blood pressure 
gradually rises and the animal makes deep inspiratory efforts, each 
being sustained for a time, and expiration is rapidly followed by a fresh 
forcible inspiration. The blood pressure shows variations correspond- 
ing to these respirations. This stage is followed after a varying time 
by the second — the stage of convulsions. (Prom b to c.) 

In this stage the animal passes into a rapid series of convxilsive 
struggles, as seen upon the respiratory tracing ; and with each struggle 
the blood pressure rises considerably. The mean blood pressure reaches 
its greatest height during this stage. The third and last stage is 
characterised by a gradual weakening and slowing of the heart and 
a fall in blood pressure. The animal becomes quiet, and only a few 
respirations are attempted. No other muscular efforts are made. 
The heart gradually ceases to beat and the animal dies. 

Note that at death the blood pressure has not reached the zero 
abscissa, but lies S mm, above it. If the aorta be cut into, and the 
blood allowed to escape, the manometer falls to zero pressure. The 
pressure at death is not zero pressure, because the blood is contained 
in a closed system of tubes, which it overdistends, with a uniform 
pressure throughout, and this pressure is spoken of as the mean general 
pressure. During life the blood is very differently distributed, the 
arteries being overfilled, and therefore the arterial pressure is 
much above the mean general pressure. The targe veins, on the 
other hand, are not distended to the full amount, and the pressure 
is below that of the mean general pressure. 
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■OTHEH METHODS OF RECORDIITG BLOOD PRESSURE 

We have had occaaion to note tliat the inereiiry manometer is in certain 
respects deficient, owinfi to the great inertia of its moving parts, A Binall 
force, therefore, which laste a abort tinie can only produce a very minnte 
efleot, and this will be maHked b,v 
any larger effeeta occurring ainiul- 
taneouBly. Even varialiona it: 
pressure of as great amount as 
those produced by a heart beat are 
-only recorded after a conBiderable 
ilelay, ho that before the mercury 
has had tiiiie to reach the level 
which represents the highest pres- 
sure attained that presHure has 
ceased to act, and ie again falling. 
Fig. 144 illustrates this point. 

Suppose the line a b c; u to represent the acttml changes in preasore 
in a liquid where vertical ordinates represent preasuree, and horizontal 
ordinates time. If the changes take place very slowly then the meronr; 
manometer is able to reginter theui as the line a b c d with absolute acou- 
racy. If, on the other liand, the changes are carried out rapidly, the record 
obtained is very different, and something like the line abed. The moan 
value is the same in both cases, but the amplitude of the record is much less ; 
the liighest and lowest pressures are not recorded, and, moreover, there is a 
delay : the highest points of the curve b and d lie more to the right, and there- 
fore later than the in- 
stants of time at which 
the highest pressures 
■actually occurred. The 
apices also are rounded 
instead of sharp. 

To obtain, therefore, a 
true record of the changes 
of 8uid pressure in an 
artery, we see that one of 
the lirst necessities is to 
choose apparatus in which 
the moving parts possess 
the least possible inertia. 
One of the first means 
that suggests itself is that 
we should record ohanges 
in diameter of the artery 
whose pressure we wish 
to record. This will give 

tions of blood pressure in 
tbe artery, because the 
artery wall being elastic, 
the lateraJ pre)^Bu^e upon 
the wall causes a stretch- 
ing of the wall in propar- 

iiaa lo that pressure. Having recorded the variations we can subsequently 
-calibrate them by recording the diameters of the same piece of artery under 
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constant pressurea. This method gii'es far more accurate reaulta than the- 
mercury manometer, but posHeBses aertain ilisadvaiitaRes. 

There are two instruuients which are employed ibr the jnirpose. Th» 
_ first of these is Fiolc'i spring kymograph, fig. 145. 
;h of a C-apring, a, made of thia atripa of 
I metal united at their edf;ea. If the presaure in the 
I space thus caused be increased the sprini; opena- 
I out. It possessee little inertia, and therefore re- 
I spondn quickly to changes of pressure. Fig. 146 givea- 
B, small piece of tracing taken with this manometer. 
Becently a modification of this kymograph hy v. 
Baseh has been introduced in which the C-spring: 
It givea very excellent results. 
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In this instrumeut (fig. 147) the maas a! all mavia^ parts is redaced 
to e. minimum. Among these is also included the column of fluid 
connecting the manometei' to the hlood vettael. ThiR la reduced in 
<]Uantity b£ far aa possible, and, further, b^' chooeiug a, tambour of very Hmall 
siite the movement of fluid in and out of the tambour is rendered extremely 
minute. The instruiuent consists of a tambour, b, of very small capacity 
whose upper surface is covered with thick rubber. An inlet tube, P, with a 
tap on it, D, communicates with the tambour, and is for connection to the 
artery. A second tube, o, allowa of a flow of fluid from a pressure bottle. A 
small vertical metal piece is attached to the centre of the rubber membrane 
and mo\ es a recording lever, o, pivoted about an axis which can be raised or 
lowered by the lever C, so that a horizontal position can be given to the 
wnritinK lever. The lever c can be clamped by the screw h. The manometer 
is also provided with a second writing point, m, for recording the zero pressure. 
This can be adjusted to the writing surface by a screw, a, and can ba raised or 
depressed by a second screw, l. Both writing points can be adjusted to the 
blackened surface by a screw, K. 

A record of the pressure changes ts taken by this instrument by first filling 
it with half- saturated sodium sulphate from a pressure bottle, and connecting 
it to the cannula, which is also filled, and theu closed by the spring clip. The 
manometer ia again connected to the pressure bottle, and this time the tambour 
membrane rises. By the handle c the writing lever is brought to the horizontal 
position, and clamped there by the screw h. The clip on the cannula is again 
opened and the lever o falls. Its level now records zero pressure, and the 
writing point n is brought to that level. The cannula is again closed, the 
pressure in the manometer raised, the tap on a shut, and now the forceps on 
the artery can be removed, and the manometer lever allowed to record its 



Pig. 148 is such a tracing taken with the recording surfaca moving 
at the same rate as that in fig, 135. The tracing i was recorded 
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Fiu. 148. — Tkal-inrh of BiJ>nn PnEBSi; 
I, BDBISO NoB>nr. Rkspibatiun : 
Uppeh HoHizoNTii. Line hives Z 

immediately before that reproduced in fig. 135 from the mercury 
manometer. A height of 16 mm. in this figure therefore represento 
a pressure of 150 mm. of uiercury. The variations due to respiration 
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are not bo conspicuous ae iu fig. 135. This h due to the 8 
magnification obtained in this instance. The heart beats are, howevei! 
more conspicuous and show greater oscillations than those caused hy9 
respiration. If measured they are seen to be li mm. high in a tote' 
blood pressure measured by 16^ mm., i.e. the variation caused 1 
each heat is -ijiii of the mean pressure. If we make similar measiu 
menta in the trace yielded by the mercury manometer we find e 
beat is about 1 mm. high in 75 mm. mean pressure, i.e. the variatiai 
in pressure recorded as due to eEich beat is Vj,th of the mean pressui 
Hence in this particular experiment the Hiirthle manometer was sevet 
times more sensitive in recording rapid variations of pressure than tl 
naercury manometer. Tracing ii of fig. 148 is a further illustratioj 
of the different effects of normal and artificial respiration upon thm 
blood pressure. This piece of tracing also demonstrates the fact tihm 
in artificial respiration a fall of pressure is produced by inflation e 
the lungs. The production of this result we have already explained] 
on p. 174. 

In fig. 149 is reproduced a, tracing of the effect of stimulation of^ 
the peripheral end of the vagus of sufficient strength to cause slowing; 




of the beat but not stoppage. This should be contrasted with thoi 
given in figs. 140 and 141. 

The most interesting results to be gained by the use of this ii 
ment are, however, to be seen when the record is more extended by I 
making the movement of the blackened surface more rapid. Such ft | 
record is given in fig. 160. It shows on the blood-pressure t 
practically the same variations as those obtained in a sphygmogruQ' J 
(see fig. 131, p. 167). Thus from a to i is the rise in pressure due ti 
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the Budden propulsion of blood into the aoctti ; at c Ib the predicrotio 1 
wave, and at d the dicrotic wave. 

This piece of tr&cing muBt also he compajred with that giveD i 
fig. Ii6, which wae obtained from a dog, using Fick's kymograph,.! 
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Both tracings show precisely the same points, 
and further show that by employing these 
inBtrumenta we are able to record even the 
smallest and most transient variations in pres 



L with the considerution of the 
blood How the sludent should examine the eon 
stniction of the followiag piece of apparatuB nhoae 
aim is to enable us to deteriuiae the rate of floiv of 
the blood along a vessel. Ladwig s itromnhr 
(fig. 161) oonaists of two glass bulbs a and b w hirh 
cotamunicate with each other a,bove and below 
are fitted into a circular brase base f re\olvinR 
on a lower frame, b. Through tbiB framo are t\^o 
channels, opening respectively at c and a Bv 
means of two stops the revolving disc p is checked SiRoanHB. 

in the two positions, so that either a. or b can be 

brought into communication with the tube at i. The opposite bulb then 
opens out at d. The method of empliiytng the apparatus is to M the bulb a 
with oil and the bulb b with defibrinated blond The tube c is then connected 
to the central end of the artery the rate of flow of the blood along which we 
wish to determine, and d is tied into its peripheral end. At an instant which 
is recorded the blood from the artery is allowed to flow into a. The oil rises 
on the surface of the blood, and the upper orifice of the bulbs being closed it 
forces the defibrinated blood from b into the peripheral end of the vessel. 
Ae soon as a is filled with blood the bulbs are rapidly rotated, so that the bulb 
B Domes to occupy that pORition previously held by a. The bulb b now con- 
tains the oil, and more blood entering it from the artery, the oil la once more 
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disfdao^ an,d the blood previously entering a is sent intb^thc^peillAeral end 
of the vessel. When b becomes full the apparatus is again TapiSy rotated^, 
and the operation repeated several times, when the experiment is stopped 
and the total time occupied observed. 

If now we know, by previous measurement, the capacity of the. 
bulbs and the number of times they have been rotated, we know the 
total volume of blood that has left the artery during the experiment. 
Suppose this to be V c.c, and the whole time of the experiment to be 
t seconds. Then in 1 sec. a volume of Y/t c.c. left the artery. The 
lumen of the artery is next measured. Suppose this to be a sq. cm.,, 
and that the velocity of the blood is v cm. per sec. Then the voluma 
of blood leaving the vessel in 1 sec. would be a . t; c.c. 

Hence a.v=V/^, 

V 

and v= . 

a. t 

Thus from a measurement of the area a of the lumen of the vessel,, 
and the volume V issuing in a time t, we can, by the above formula,, 
determine v, the velocity of the blood flow, along the artery. 
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CHAPTEB XVIII 

* THE toDNEY. DEMONSTRATION OP AN ONCOMETER EXPERIMENT 

In investigating the mode of action of any organ or part of the body 
one of the first things we require to know is how its blood flow is 
modified under different conditions, in order that we may be able to 
correlate these changes with other functional activities simultaneously 
observed. There are several methods open to us by means of which 
we may observe changes in vascularity of an organ. In many cases 
simple inspection by revealing differences in colour is able to show us 
that there is more or less blood in the organ, but this method can 
only show us gross changes. A second plan is to measure the quan- 
tity of blood issuing from the organ, variations in the rate of outflow 
giving a measure of the amount of blood passing through the organ. 
This is one of the most satisfactory methods if we are working upon 
an excised organ and circulating defibrinated blood through it by tying 
a cannula into its main artery. The third and the most valuable 
is that known as the plethysmographic method. Here the changes 
in volume are directly measured by confining the organ in some 
enclosed space and then recording the amount of air or of flui 
displaced from this space as the organ expands or contracts. 

The general plan adopted in such an experiment may be best 
illustrated by one upon the kidney. 

The original form of apparatus, as invented by Roy for experiments upon 
the kidney, consists of a metal box, in which the kidney is placed, called an 
oncometer (bulk measurer), and a piece of recording apparatus termed an 
oncograph (bulk recorder). The form of the oncometer is shown in tig. 152, 
and a diagram of its general principle in fig. 153. It consists of an ellipsoidal 
metal box made to open by a hinpe. Each half consists of a double metal 
box (oc and ic, fig. 153), the one fitting tightly within the other. To prepare it 
for use each inner half is removed and a sheet of sheep's peritoneal membrane, 
M, is fitted over it, and its edges gummed down to the outer surface of the 
capsule, to make an air-tight joint. The membrane is fitted on very loosely, 
and thus allows free movement inwards and outwards. The inner box is 
then replaced in the outer, to which it is tightly clamped by the screw s. 
Both sides are now filled with oil, so as to fill up the spaces a and b between 
the peritoneal membrane and the inner cases, the membrane being raised 
meanwhile so that when the instrument is closed there is sufficient space left 
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being very flexible, adapts itself to the kidney Burfa.ce, so that practically Che j 
kidney is inserted into an oil-tight box filled with oil. The oncograph, hx, 154, 
consists of a metal box whose upper surface is closed by a sheet of peritoneal 
membrane fitted on very loosely, so that it can move fairly freely. On this 
r^Rts a small cylinder of ebonite with itx lower end closed, and to this is 
attached a light vertical rod which moves a horizontal recording lever. The . 
interior of the oncograph is connected by a piece of rubber tubing with the 

Fni. 154.— ThI! O-VCOGtlAPH. 

interior of one side of tbe oncometer by the tii!)e t, fig. 15S. The whola 
DQCOgrapb and tube connection is filled with oil. Thus arranged any expan- 
Bion of the kidney drives out oil from the oncometer into the oncograph, the 
peritoneal membrane of which is bulged upwards, and lifts the vulcanite cup, 
and thus the lever of the oncograph. In this way the vaiiationa in volume 
are recorded 

A very simple but effective method is to employ an air oncometer made 
after the principle of that used by Schafer and Moore in their experiments 
upon the spleen. A convenient form is shown in fig. ISfi. It maj be made 




Fig. 155.- An Air 0; 



either of plaster of Paris, which is thoroughly soaked in melted bard 
paraffin, or of wood, which is then thoroughly varnished. Tlie figure 
shows its general shape. It has a lid made either of thick plate glass or of 
wood. A depression is cut away in one wall through which the kidney vessels 
and ureter may pass when the kidney is placed within the box. The whola 
is made air-tight hy filling the hole in the side with pieces of wool soaked in 
a BtiS mixture of vaseline and hard paraffin, so that the kidney vessels are 
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not eoDBtricted. The jiuiDtion with the lid is a-ho made aiv-tight by vase- 
line. Piercing one side ia a ba]e into which a tube tits tightly, and this 
is connected by rubber tubing of amall bore to a ttuabour (fig. SO), As the 
hidney oxpands air is driven out of the plethyEmograph into tha tambour, the 
lever of which therefore rises. 



The apparatus is first set up as for taking a blood- pressure tracing, and m ^ 
tambour is also fitted up to record vertically above tfaeblood-pressnre tracing. 
Care is taken that all the writing points reoord vertically above each other. 

A dog which has not been fed for the previous twelve bours is put under 
ether and then a dose of morphia is injected, 1 c.c. of a 1 per cent, solutian of 
the hydrocblorate per kilo of body-weight. A median incision in the neck 
is made, the external jugular isolated for about 1 finches, and a simple cannula 
inserted and tied in. The carotid artery is next expoi^ed, and a cannula tied 
in it as described on p. 170. The kidney is next e:ipoBed. This may be 
done by a lateral incision in the lumbar region and the kidney isolated from 
the peritoneum without opening the abdominal cavity if possible, though this 
will be found of some difficulty in the dog. There are usually several small 
vessels which enter directly into the cortex of the kidney. These have to be 
divided ; but each inuet be ligatured before doing so in order to avoid htemor- 
rhftge into the oncometer. When the kidney is thoroughly freed it may b 
placed in the oncometer. 

The other method, which has the (^ee.i advantage that the kidney is moia' 
fully exposed, is to reach it by opening the abdominal cavity fi-om the front 
If care be taken to protect the exposed viscera from cooling, this method may 
he safely adopted. A longitudinal median incision is made through the skin, 
starting just below the xiphisternum for about three or four inches. A trans- 
verse incision through the skin at the level of the last rib is now made, &om 
the mid-line down to the rib on the left side. The muscles are next out 
through, one at a time, along this line — first the external oblique, then the 
internal oblique, then the transversalis, and finally the rectus. Care is taken 
that the peritoneum is not opened until all bleeding has been stopped, 
each vessel is cnt through it is caught up on Spencer Wells' forceps i 
ligatured. When ail bleeding has been arrested the abdominal cavity i 
opened by cutting through the peritoneum along the incisions made thrond' 
the muscles and in the mid-hne. The intestines are pulled well o 
right side and protected hy covering with a thick layer of cotton wool whim's 
has been warmed in front of a fire. The kidney is then exposed and Uwl 
peritoneum over it is torn through, any bleeding point being ligatured. Oftv^y 
is taken to handle the kidney as little as possible, and it must not be allowed tol 
become cooled. Having thoronghly isolated the kidney, especially where thin 
vessels leave it, it ia placed in the oncometer. This has prefiously been |»«ri1 
pared by warming it and then placing a few layers of cotton wool containil 
a plentiful amount of the vaseline and paraffin mixture at the bottom of ti 
notch in the side wall. The kidney is placed in the oncometer, so that tiw 
vessels and ureter lie on the vaseline wool in the notch for that pnrpose. 
Strips of wool soaked in the vaseline mixture are now packed, so aa to lie 
between the kidney and the notch, and others to fill up the notch. The whole 
sncaesB of the experiment depends upon the carefid packing at this stage. 
The notch is to be exactly filled and not overfilled, so that when the lid ii 
adjusted there is no pressure on the kidney vessels. Before putting 0'. 
lid the upper edge of the oncometer is thoroughly covered with vai 
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. iiid then the lid is nibbed down into close contact with the edge. 
The lateriil tube is now connected by thiok-walled rubber tubing to the I 
recording tambour. In the rubber tubing ia inserted a T-pieee, the lateral 
orifice being cloaed by a rubber tube clamped by a spring clip. The tambour 
now ahowB the oacillations dne to the heart beats. The oncometer must nowj' I 
be teated to see if it be air-tight by blowing in a little air through the x-pisce i 
into oncometer and tambour. The tambour lever is raised and the presBure ; 
of air inside ia greater than atmospheric presaure. If the tambour lever fall ' 
there is a leak, and the oncometer muet be reopened and the packing more 
thoroughly cBjried out. If the tambour lever remain at the aame mean , 
level the experiment maybe proceeded with. The whole abdomen ia thoroughly ■ 
covered up with warmed layers of dry cotton wool, the abdominal wall 
liaving been previously drawn together by sutures. 

The cannula in the carotid is now connected to the mercury manometer 
and the writing points brought to the recording aurfiice. The procedure of 
the remainder of the experiment can be varied in different ways according to i 
cireum stances. 

The following five paragraphs give the course of an experiment 
which will show the main facts to be gained by the method. The 
results obtained are examined in the succeeding pEiges ; — 

1. Having brought the air pressure inside the oncometer to 
atmospheric pressure, by opening for an instant the clip on the lateral 
pass of the T-piece, take a piece of normal tracing. 

2. Inject 1 c.c. of a 4 per cent, solution of caffeine citrate in Ipet 
cent NaCl. To do this fill the cannula and rubber tubing in the 
external jugular vein with the solution by means of a pipette dravra 

■ out to a fins point. Fill a 1 c.c. pipette with the solution and attach 
to the cannula by rubber tubing. Take a short piece of normal 
tracing and removing the bull-dog forceps from the central end of the 

j vein, at a given signal blow in 1 c.c. of the solution. Eeplace the 
clamp on the vein. The instant of injection is marked on the tracing 

i by means of a signal. If this dose be not sufficient repeat with on 
increased dose until a typical effect ia produced. 

3. After complete recovery from the caffeine citrate inject 5 c.c. of 
B. O'l per cent, solution of digi^talin in 1 per cent. NaCl. Previously 
remove the caffeine solution still in the cannula by sucking it up in a 
pipette drawn oat to a fine tube, which can.' pass dovra the cannula ; 
then wash out with normal saline, remove the saline, and fillvrith the 
digitalin solution. Attach a pipette containing 5 c.c. of the new 
solution and inject at a given instant, 

4. Inject 1 c.c. of a solution of neurine made by adding one drop 
of a 25 per cent, solution of neurine to 5 c.c. of 1 per cent. NaCl. 
The cannula is to be washed out and filled with the solution as in 3. 

5. To complete the experiment, record the kidney changes during 
aBphyx^. Dissect out the trachea, open it widely, and while a tracing 
ia being recorded suddenly plug it tightly with cotton wool soaked 
in water. 
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Typical tracini 
le following figures. 



such a demonstration are given i 
It ia seen that as a rule the trace follows 
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exactly the ■ 
variations ir 



urve of blood preaaure simultaneoualy recorded. The 
volume vrith each heart beat are well marked, and the 
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rise and fall of blood pressure during respiration are represented by 
an increase and decrease of volume of the kidney. This is exactly 
the result we should expect to obtain if the vessels foOow passively 
any variations of blood pressure, and this is the result during ordinary 
conditions when the kidney is at rest. Comparing fig. 156 with fig. 
157, both of which were yielded by the same animal, we see how 
I closely volume changes follow blood pressure changes. Fig. 156 was 
; obtained at the commencement of the experiment, and is therefore to 
I be taken as especially typical of the volume changes. Fig. 157 was 
I obtained later, and with a less magnification. The respiratory move- 
1 ments altered in character as thia tracing was being recorded. There 
, occurred an increase in kidney volume and a fall in blood pressure, 
so that the fall in blood pressure is chiefly to be explained as due to 
! dilatation of blood vessels in which the kidney took part. The altera- 
tion in volume closely follows that of the blood pressure. In watch- 
ing the two being recorded it is very obvious how the rise of the 
I oncometer lever precedes by a quite appreciable interval the rise of 
I the manometer float. This difiference is purely instrumental in origin, 
the kidney rise being recorded by apparatus having very httle inertia, ' 
hereas the inertia of the mercury manometer is great. 
Changes in volume of the kidney may be brought about in either 
of two ways : — j. 

(i.) Passively, in which case the increase and decrease of volume 
follow proportionately a rise and fall of blood pressure. This is the case, 
s we have seen, with the ordinary kidney trace, where the rapid undu- 
lations in the blood pressure, due to heart beats, and the slower, due 
to respiratory effects, are exactly reproduced in the kidney oncogram, 
(ii.) Actively, in which case changes in volume of the kidney are 
I brought about independently of changes of blood pressure or force of 
heart beat, and may even work against these. Thus an active con- 
striction of the kidney vessels leads to a diminution of kidney volume 
and a rise in blood pressure. These changes in kidney volume are 
best studied by experiments which locally influence the kidney 
isels. Of these changes some of the best known are those pro- 
duced by drugs which are known to influence the secretion of urine. 
They are also of greatest interest because they teach us at the same 
time something of the way in wlych the kidney works when it is called 
upon to secrete more actively. 

Action of Cafieine. — In fig. 158 is reproduced the e£fect of an 
injection of 2 c.c. of a 4 per cent, aolutton of cafieine citrate iu 
noiTnal sahne directly into the external jugular vein. After a period 
of delay it is seen that the blood pressure falls, the variations in pres- 
sure with each heart beat become leas, then increase, and the blood 
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pressure soon risee again 



lud returns to its initial value. In the cae 



ot the kidney trace there is the same delay before any effect is 
:A, and then a little later, after the blood pressiu^e begins to 
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twofold, i.e. either passive or active. The fall in blood pressure must I 
produce a diminution of the kidney volume unless it he over-compen- I 
sated by another volume change in the reverse direction. Thefallof I 
volume that actually occurs is partly to be explained by the fall in I 
blood pressure, but not entirely, for the fall in blood pressure usually 1 
precedes by a. definite interval the fall in the kidney trace, and I 
secondly the blood pressure attains its original height long before the ' 
kidney begins to expand. The main cause producing the dinainution 
of the kidney volume is therefore active, and due to constriction of its 




blood vessels. This constriction ultimately yields, and is followed by 
a dilatation lasting a still longer time, and then the kidney returns to i 
its initial state. When the rate of secretion of the urine is recorded 
at the same time as the kidney changes it is found that this rate 
varies and accurately follows the changes in volume of the kidney. 
When the kidney vessels contract the rate of secretion drops, and in 
the second stage, the period of relaxation, the secretion is accelerated, 
and finally, as the kidney regains its original state, the rate of secre- 
tion retimis to that observed at the commencement of the experiment. 
The fall in blood pressure produced in this experiment is due to the 



direct action of the drug upon the heart. This follows from 
experiment already demonstrated, in which the force of the hi 
beats was directly studied (fig. 113, p. 143). 

The changes of rate of flow studied in association with the changes 
in volume are of interest when connected with the ohservations which 
show that rate of secretion of urine depends rather upon rate of flow 
of blood through the kidney than upon changes in blood presaore- 
though these must of course act secondarily. Increase in urine 
being associated with a dilatation of the kidney vessels directly 



sthia 



Action of Digitalin. — The effect on the blood pressure is a ft 
short duration followed by a rise of much longer duration. During 
rise the rate of heart beat is slower, but each beat is more forcible. The 
changes in the kidney tracing are not synchronous with those of the 
blood pressure. There is produced a slow constriction of the vessela 
which reaches a considerable amount and is very persistent. Gradually 
relaxation occurs and results in a greater volume than before the injec- 
tion ; but finally there is a return after several minutes to the initial 
volume. We must note that during the kidney constriction the passive 
variations in volume due to heart beats are very well marked. These 
only become naasked or obliterated if the constriction be very great; 
as, for instance, after a very large dose of the drug. The alterations in 
rate of urine secretion arc interesting. During the period of conatric 
tioQ the rate slows considerably, but is accelerated to a certain degree 
diu^ng the subsequent relaxation. Neither the relaxation 
of flow ever attains to the same degree as that observed after 
injection of caffeine. 

Action of Nenrine. — The tracing {fig. 159) is introduced hefi 
because it forms a very good demonstration experiment. In the experi- 
ment reproduced O'Sc.c. of a solution, made by adding one drop of a 25 
per cent, solution of neurine to 6 c.c. of 1 per cent. NaCl, was injected 
into the external jugular of a dog. The effect upon the respiration is 
very striking. After a brief period of delay the animal passes for a 
short time into a series of short respiratory spasms, nest the respira- 
tion rapidly slows and ceases, to ultimately recommence, first with 
some irregularity, then expiration becomes rapid and short and in- 
spiration prolonged, the rhythm remaining regular. Changes in blood 
pressure closely follow these changes in respiratory rhythm (see fig. 
159). At first there is a slight fall, partly due to diminished force and 
rate of the heart beat. This is followed by a marked rise in pressure 
as the inspiratory gasps occur, and is accompanied by an acceleration 
of the heart beat. Then follows a period of fall of pressure in which 
the heart beat is slowed, and finally as respiration is once more 
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established the rate of hetui: beat is inoreased and the 



The changes of kidney volume do not exactly follow those of the I 
blood pressure, but are to a certain degree independent of them. 
After a period of delay, which is longer than that necessary to produce 
changes in the blood pressure, there is a sudden constriction of the 
kidney vessels, at first very rapid, then more gradual, and finally 
so marked that the variations due to heart beat are almost obliterated. 
In this part of the trace a dilatation is to be observed synchronoas 
with the rise of pressure due to the inspiratoiy spasms. Next follows 
a very sudden dilatation, and the volume then follows the blood- 
pressure changes very closely until respiration recommences, when a 
further very marked dilatation takes place, the volume becomeB greater 
than initially, and then as respiration and blood pressure gradually 
return to the normal, so the kidney volunae recovers, though at a . 
slower rate than the blood-pressure changes. During the markecll 
aeoocd dilatation the rate of urinary flow is increased. 

THE COUBSE OF THE VASO-MOTOR NERVES TO 

THE KIDNEY 
By means of oncometer experiments the vaso-motor nerves to ths' I 
kidney have beenmapped out. Vaso- constrictor nerves are proved to be J 
present among the particular fibres stimulated if a diminution of th© | 
kidney volume result, accompanied by either no change or by a rise 
of blood pressure. Simultaneous records of the blood pressure 
changes exclude the possibility of the observed kidney changes 
being due to variations brought about passively on changes in the 
blood pressure. These nen-es have thus been proved for the dog to 
leave the cord mainly in the anterior roots of the 11th, 12lh, and 
13th thoracic nerves, and to a less extent in the 7th, 8th, a^d 9th. 
Nerve cells, shown by the nicotine method (see p. 133), are found on 
the course of these fibres, situated in the cceUac, mesenteric, or renal 
ganglia. Vaso-dilators have been found in the 11th, 12th, and 13th 
anterior roots with ganglion cells in the solar or renal ganglia. 
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CHAPTEE XIX 

DEMONSTRATION OP THE NERVOUS REGULATION OF RESPIRATION. 

THE BTETHOMETER AND PNEUMOGRAPH 

In a previous experiment, p. 168, we saw how we could record the 
respiratory rhythm in an animal by the aid of a tambour resting on 
the thorax or abdomen. This method gives us all that is required so 
far as the main details of time of inspiration and expiration and rate 
of breathing are concerned, but we also require some method that will 
give us a means of recording these same points, and in addition the 
depth of breathing with some greater accuracy. One method that 
has been adopted is to make the animal inspire from a large glass 
vessel which is placed in communication with a tambour, so that 
changes of pressure inside the vessel cause movements of the tambour 
lever. Each inspiration causes a fall in pressure in the glass chamber, 
and therefore a fall of the tambour lever. For this method it is not 
necessary to have the vessel completely closed. The air must also 
be frequently renewed. 

Another method that has been largely employed is to introduce 
one end of a stiff lever so as to lie between the Hver and the under 
surface of the diaphragm. The lever moves about an axis near to 
this end, so that all that is necessary is to record the movements of 
the free end of the lever. This is usually carried out by attaching it 
to a writing lever by a fine thread. 

In the case of the rabbit we possess a further very convenient 
and accurate method, for there exists in this animal a slip of the 
diaphragm in the anterior mid-line which can he isolated without 
opening the pleural cavities. A record of the movements of this 
slip is the method employed in the following demonstration : — 

DEMONSTKATION. THE NERVOUS REGULATION OF 

RESPIRATION 

A rabbit is anfl^hetised with ether. By a median incision in the neok, 
extending for aboat 1§ inches above and below the larynx, the two vagi 
are first isolated and threads passed under them. The superior laryngeal on 
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one aide is next isalated and a thread paseed under it, eo that it may r< 
be lifted up when required. The nerve is eaeily found as a branch of t 
vagiiH running ofT at right anglen Co the trunk towards the niid-line at the 
level of the larynx. It usually pasiieB beneath the carotid artery. The gloBBO- 
pharj^geal of one side is separated in a similar mrmner. It is found by 
tracing the vagus up to the base of the skull. It is found running bom Ihe 
vagus deep down opposite the angle of the jaw, and there lies to the outer 
side of the carotid. Itriuin forwards to disappear under the posterior edge 
of the mjlo-hyoid. 

A median longitadinal int^ision about 2 inches in length is next made 
with the xiphoid cartilage ae its central ^oint. All the tissues are then cut 
through down to the sternum and cartilage, and any bleeding is stopped. 
The abdominal cavity is opened at the tip of the ensiform cartilage, and the 
two muscular strips of the diaphragm isolated on either side. The cartilage 
is then cut across, care beipg taken not to injure the attachment of slips to 
its under Hur&oe nor the Mood vessels to the slips, which leave the lower 
eurhce of the stemura at about its junction with the cartih^e. A sharp hook 
made of a bent pin is then passed through the edge of the cartilage, and 
attached by a thread to one of the levers of fig. 110. The magnification ^ 
the movement need not be greater than two-fold, and the loading should '"* 
effected isotonically and varied until the best eiciirsion of the lever 
obtained. 



The first few records of figs. 160 and 161 show the form of the trac- 
mg. A rise of the lever is caused by a contraction of the diaphragm 
slip and therefore represents aa inspiration, a fall, expiration. It is seen 
that relaxation of the diaphragm is carried out very rapidly, much 
more so than the corresponding contraction. The rate of breathing is 
rapid, at times as fast as two per second, at other times much slower. 
If the animal be deeply under the antesthetic the rate is usually 
somewhat slowed. To show the influence of nervous stimuli upon 
the rate and depth of breathing, the following nerves should be 
stimulated : — 

1. The superior laryngeal.— Wb may stimulate this nerve in two 
ways. We may imitate the normal method by introducing into the 
larynx a curved probe whose end has been wrapped in cotton wool. 
In this instance, and indeed for all these nerve stimulations, the rabbit 
must not be too deeply under the antesthetic. The result of this 
stimulation is shown in I, fig. 160. In u, fig. 160, is seen the effect of 
weak tetanising shocks applied directly to the nerve. In both cases 
we see that there is slovriny of the respirations, pauses occurring in 
expiration. By contrasting these with the well-known result of the 
presence of a foreign body in the larynx we see quite clearly that the 
results are very different. The eS'ect of the anaesthetic has been to 
very greatly diminish the effect upon the respiratory centre, and in the 
case of the electrical excitation of the nerve there seems to be no 
doubt that the impulses thus originated are of very different character 
from those normally passing along the nerve after it is stimulated. 
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The same remarks apply with equal force to the other stimulationB we 
are about to examine. 




Fio. 160. — Alteration in Rebpiuation on SintULiiioH op the Supbbioh Lartn- 
L Nerve : i, bt Mechanigai. Ikkitition or the Labini ; □, by TETARlfU- 
BE Nebve. Babbit. 

2. The glosso-pliaryngeal. — We can show the effect of this nerve 
on respiration, as in the previous case, by two modes of stimulation ; 
(i.) By mating the animal swallow a little water, and (ii.) by electrical 
excitation of the nerve. Pig. 161 gives the usual result of these 
istimulations. In i the animal was made to swallow about 2 c.c. of 
water placed in its pharynx. We see that inspiration is immediately 
inhibited, and that a very gradual relaxation occurred. During this 
time the animal was making rapid swallowing movements. In ii with 
electrical stimulation we have a corresponding result, Breathing 
was at once inhibited for the time of about three respirations, and 
then recommenced, at first with shallow, then with deepening 
spirations. After stimulation ceased there are seen to be two alh 
tions in the curve, namely at a and b. These were synchronouB with 
two swallowings. It is seen that in each case swallowing commenced 
in the middle of inspiration, which was then immediately inhibited, 
Hlight expiration followed, and then as the swallowing ended the in 
spiration was completed. 

3. Effect of section of the two vagi. — While the respiration is 
being recorded, the one vagus is lifted up by the loop previously placed 
round it and cut. After a, short time the second is cut in a simil&r 
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manner. The effect of section of the first vagas may be nil, no change 
either in rate or depth occurring ; or there may be slight slowing 
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accompanied by an increase in depth. The effect of section lj 
the second vagua (fig. 162} is always to diminish the rate and incr 




Fio. IBi. 
Fiaa. 163 ind 164.— STiucrLjiTtoM oi" tki Cbntral Esu of tub Vaodh, b 

ViSI B1VIKC1 BEEN UlTIDED. Ih FiO. 16'i THE STKa-SOia «1 ^l-BJlVll* 

Waxisa TH4N ru Fio. 164, 
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the depth of respiration, the increase in depth to a certain esteatn 
GOmpensating for the diminution in rate. 

4. Stimulation of the central end of the vagus. — What we may 
regard as the most typical result of stimulation of the central end, 
both vagi being out, is that recorded in fig. 163. In tliis case the 
tetaniaation was very weak and caused an acceleration in rate from 32 
respirations per min. to 36 per miu., and the amphtude of the record 
diminished from 5 cm. to 4 cm. The diminutioa in extent is seen to 
be brought about by a less complete relaxation, as well as by a less 
EKtensive contraction. This result is much better obtained it the 
aniestheaia be not too deep. It the strength of stimulation be increased 
the effects are found to vary considerably. A common result i 
that reproduced in fig. 164, where it is seen that there is a gradually 
increasing tendency to standstill with the diaphragm neither relaxed 
not contracted, but in a state of mid-contraction. In some cases . 
standstill is produced in an inspiratory phase, inspiratory tetanus ; 
others, again, in an expiratorj' phase, expu-atory tetanus. 

EEOORD OF THE BESPIBATOE,? MOVEMESTS IN MAIT 



! been devised for recording the movi 
Of these the two following should I: 



Various instruments hai 
menta of the thorax in man. 
examined : — 

Experiment 1.— Tfthe a tracing with Marer'a pnenmojraph (fig. 165). The 
instrument conaifita of a thin flat iron plate, /, witli two atout bars of brass at 
either end. Attached to one bar is a tambour, h, which n 




FlO. 165. — MaBBU'b PhECMOORAPII 



the other is fixed a vertical bar with a horizontal screw, g. which fits into thit 1 
upper part of the lever i. By the band Cfd the apparatus is tied firmly on J 
to the cheat. Then with each inapuation the plate/ is bent, the rerticolbi 
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pulled from the tambotii', which is therefore expaoded. The variatioiiB in 
volume of the tambour are then recorded bj a aecond tambour. 

Experiment 2,~Take a tracing by Bnrdoa-SaBdeiBan'a itethameter. 



Fig. 166 shows the general form of the instrument, and fig. 167 the way in 

which it is fitted to the chest for recording the changes in transverse diameter. 

It consists of a large tambour a wit}i a central di.'ic of metal fixed to its 




rubber membrane. An ivory knob, b', attached to one end of a Bcrew carried 
at the end of a spring e gerres for adjustment to one side of the chest. At 



the other side is another knob on the end of b, bar, b', for ailjuBtment to tl>tt^H| 
corresponding point on the opposite aide. An increase in diameter le&ds to ^M 
a separatioQ of the two knobs, only one of which ean move relatively to the | 
framework. This drives air out of the tamboar and causes a rise of the lever 
of the recording tambour. The most important diftmeters to employ are (1) 
that which connects the 8th rib in the axillary line with the same rib of the 
opposite side, and (2) that from the lower end of the sternum to the 8th 
dorsal spine. 

Record the changes in these two positions (1) diu^ng quiet breathing, , 
(2) while sipping a glass of water, and (3) while swallowing a mouthful of 1 

The results obtained will be similar to those reproduced in fig. 168;:^^| 
which were taken with the iuBtrumeut recording changes in the trajiB^^H 
verse diameter of the thoras. It is seen that inspiration and expiratiiq^^^l 
each occupied about the same time ; that at first the morement is ra^^^^H 








Fio. ItiS.— Record of Ceanges in the Th*nbve!ibe Diauetek oi^ tBS TaoMl^^^l 
DCKmo Besfiha'Tidn 4Man). Tbe UrFER GmtTE taken DURiNa Quiet BkbatK^^H 
ISO : the Lower Cbbve shows the Effect of Swallowino. Time Tracin^^^I 
SECONns. ;^^^H 

in either dh-eetion, and then gradually slows. In the lower of the tw^^^| 
tracings the inhibition of respiration during swallowing is recorded^^^H 
A glass of water was slowly swallowed, and respiration was at ono^^^| 
inhibited at the commencement of expiration, remaining in that statel^^H 
until swallowing ceased, when a fresh and rather deeper inspiratioB^^^J 
followed. From this time respiration resumed its usual characters. |^^| 



CHAPTER XX 



A DOG is secured to the animal holder and placed under ether ; the 
hair ia then clipped from the jaws and neck and the akin cleaned with 
a wet sponge. The necessary operation ' is then carried out in the 
following stages : — 

1. Make an incision along the inner border of the lower jaw, 
beginning about its anterior third, a little in front of the inBertion of 
the digastric muscle, and extend it backwards to the transverse pro- 
cess of the atlas, dividing the skin and platyaiiiLi. 2. Expose the 




jugular vein (fig. 169} at or near the point where it divides into two 
branches, a and v, and lay bare those branches also. One of them, 
p, passes upwards behind the gland ; the other, a, passes forwards 
below it and then divides into two branches. The gland itself has 
two veins : one of them, v', comes from its lower side and enters 

' The deaoription of the operation ie taken from the Handbook for the Physio- 
logical Laboratory/, by Bninton, Foster, E^eio. and Sanderson. 
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aneurism needle fi:» 
supplies the muscli 



e facial artery. Tie the arterial twig whid 
iparate the muscle from ita attachment to 
the jaw, or divide it'about its anterior third, cutting it through very 
carefully so as not to injure the duct and nerves which lie below it. 
7. Lay hold of the lower end of the digastric with a pair of artery 
forceps and draw it backwards. This brings into view a triangular 
apace whose apex is directed forwards, and whose base is formed by 
the reflected digastric. Its lower margin (the dog being suppos^to 
be in the upright position as in the figures) is formed by the genio- 
hyoid muscle, and its upper one ^ the ramus of the jaw and the 
lower edge of the maseeter. The anterior half of its floor is formed 
by the mylo-hyoid muscle, on which some nerves ramify. The 
carotid artery enters the triangle at its lower angle and runs along 
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its base, giving off first the lingual artery, secondly the facial. Just ■ 
as the cai'otid begins to pass in front of the digastric, it is crossed by 
the hypoglossal nerve, h, and is accompanied by filaments of the 
sympathetic. At the upper angle of the triangle several structures pass 
from it to the hilum of the gland, close to the margin of the digastric. 
These are : 1, the duct ; 2, the nerves ; 3, the principal artery of the 
gland. The artery is given off by the facial. It lies beneath the 
nerves, but is easily reached by drawing them aside. 8. Carefully 
isolate the digastric by a director or aneurism needle from all the 
structures just mentioned. Divide it close to its insertion into the 
temporal bone. 9. Divide the mylo-hyoid muscle, m, cutting its fibres 
across about their middle, and reflect the upper half, taking care not 
to injure the mylo-hyoid nerve vrhich lies upon it, and tying all the 
veins which come into view on its surface with a double ligature. 
This brings into view the lingual nerve, l, which issues from under 
the ramus of the jaw just opposite the groove between the digastric 
and masseter muscles, and, after passing across the floor of the triangle 
towards the middle line, enters the mucous membrane of the mouth. 
10. Draw the parts a little towards the middle line with the fingers, 
and follow the lingual nerve to the ramus of the jaw. A small twig, C, 
irtll then be seen, which passes oft" from its posterior aspect, bends 
down, making a sort of loop, and then runs backwards to the gland in 
close relation to the duct. This nerve is the chorda tympani. In the 
angle between the chorda and the lingual hea the submaxillary gan- 
glioB. 11. Isolate the chorda and pass a thread under it, so that 
therfiprve may be raised from its place at vrill. 12. To reach the 
sympathetic divide the hypoglossal nerve, h, just where it crosses the 
carotid, and lift up its central end. Close to the inside of the carotid 
lies the vagus, and when this is raised the sympathetic is seen lying 
underneath and to the inner side of it. The sympathetic separates 
from the vagus at this point, and passes to the superior cervical gan- 
glion. EVom tlie ganglion, fibres accompany the carotid and enter 
the gland along with its arteries. The ganglion can easily be found 
by following the carotid filaments backwards. 13. Place a cannula 
in the submaxillary duct. The duels of the submaxillary and sub- 
lingual pass along the middle of the triangle close to one another. 
The submaxillary duct lies closer to the ramus of the jaw, and is 
larger than the sublingual duct. Isolate it aUghtly with an aneurism 
needle. Pass under it a thread tor the purpose of tying in the 
cannula. Pass under the duct a smooth splinter of wood or a piece of 
card, half an inch long by one-eighth of an inch wide, on which it may 
rest, Close the duct as near the mouth as possible with a clip, ( 
a thread round it, so as to obstruct it. Raise the chorda by the thread 
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which has been passed rouod it, and Btimulate it by a weak interrupts 
ourrent^ — the purpose of this is to distend the duct with secretion, i 
thus render the introduction of the cannula mucli easier. Open thj 
duct with a paji' of sharp scissors, insert the cannula, and tie it in. 



To show variationB in rate of secretion the secretiun may be collected ii 
small glaRB tubes or capsules, having attached a short piece uf rubber tubing 
Co the end of the caimuln. The following plan is a very good one for class 
demonstration. A long piece of glass tubing with thick walls and of about 
1 mm, bore is taken. To one end of this a piece of rubber tubing is fixed, in 
the course of which is inserted a glass T-piece, the lateral orifice being closed 
by a piece of tubing and spring cup. The rubber tubing and a few inches of 
the glass tubing are filled with a solution of methylene blue. The cannula is 
then filled with fluid and connected to tbe long (;lass tube by the rubber 
tnbing. The glass tubing is then held iu a horiiiuntal position againsL a 
white surface, bo that the coloursd eolumn of fluid stands out clearly. It is 
also conveuient to have the tube marked with transverse lines at short 
intervals. When the demonstration is being made to large classes, it is often 
convenient to project an image of the coloured coltunn on to a screen by 
means of a lantern. As saliva is secreted the coloured fluid is moved along 
the horizontal tube, and its rate can be very accurately watched. The 
meniscus of the fluid can at once be brought to any position of the tube bj 
aid of the y-piece on the rubber tubing. By opening ti)is some fluid may be 
forced out or sucked in, if the end of the rubber tubing be immersed in flnid. 

We may now show the chief facts in the rate of secretion of saliva 
by tbe following esperiments : — 

1. Observe the rate of fiow of saliva from the unstimulated gland. 
In animals anEBsthetised with ether this rate is, as a rule, greater than 
■when other ansathetics are employed. 

2. Stimulate the cfiorda. — Lift up the nerve, place it upon a pair 
of shielded electrodes, and tetanise it with weak induced currents. The 
rate of flow of saliva is very greatly accelerated. 

3. Stimulate the sympathetic. — The rate of flow, in the case of tha 
dog, is no greater than before stimulation. 

4. Obsei-ve the vascular changes in the gland on stimulation of tha 
two nerves. When the chorda is stimulated the gland will be dis- 
tinctly observed to become redder, due to dilatation of its blood vessels. 
On the other hand, sympathetic stimulation is followed by a paling of 
the gland, due to constriction of its vessels. 

5. Take a camel's-hair pencil moistened with a O'l per cent, solu- 
tion of nicotine in 1 per cent. NaCl solution and paint the submaxillary 
ganglion with tbe solution of nicotine, taking care to limit the action 
of the nicotine to the submaxillary ganglion. Now stimulate the 
chorda once more and a rapid flow of secretion is again obtained. In 
the next place paint the chorda with the solution of nicotine at a spot 
about IJ inch from the hiluni. Then once more stinmlate the 
chorda near its origin from the Ungual. A free flow of saliva is. 
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still obtained. Lastly, paint the chorda with the nicotine solution, 
just at its entrance into the hilum, and again stimulate. No secretion 
is obtained. 

Finally apply the electrodes to the hilum of the gland, when on 
stimulation a free secretion will again be obtained. This experiment 
with nicotine demonstrates the existence of nerve cells on the course 
of the chorda fibres. Nicotine in minute doses is known to paralyse 
nerve cells without injuring the nerve fibres, though in large doses it 
paralyses nerve fibres as well. The experiment therefore proves that the 
nerve cells in the submaxillary ganglion are not placed on the course 
of chorda fibres running to the submaxillary gland. They are, in 
fact, known to lie on the course of secretory fibres running to the 
sublingual gland. The result of painting the chorda with nicotine 
proves that the nicotine solution is not strong enough to paralyse the 
nerve fibres. The absence of secretion on stimulation after the hilum 
has been painted with nicotine proves that there are gland cells on 
the course of the secretory fibres which are placed on the nerve at or 
near its entrance into the hilum. This is further confirmed by 
obtaining a secretion on subsequent stimulation at the hilum, for then 
the post-ganglionic fibres are excited. 
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CHAPTEE XXI 



KEFLES / 



r AS STUDIED UPON THE Sl'lNAL COMD OF 1 



MxpErim,enl 1. — ^ Destroy the brain of a &og, leaving the epinal cord intac 
This Bhould he done with a bltmt instrament, bo that the animal loees as 
little blood as ponsible. If the animal be tested immediately by pinching one 
of the toes it may or may not respond by a movement of the leg. If it be 
kept for half an hour or a little longer it will very read03' respond. The 
absence of response just after the destruction of the brain is due to the shock 
of the operation, but this rapidly passes off in the case of the frog. 

After this period of rest note the condition of the frog. It lies on 
the table without any attempt at gpontaneons movemeat. Ite head 
and body lie in contact with the table, whilst in an intact &og they 
are always inclined to the surface on which it rests. The legs are 
usually drawn up and the fore limbs may be extended at right angles 
to the axis of the body or may lie folded over the sternum. The eyes 
are closed and no respiratory movements are attempted, The general 
attitude of the animal should be contrasted by compariBon with that 
of an intact frog. 

Having dstermiaed thes: points its behaviour when its position is 
altered should be investigated. If a leg be stretched out it is usually 
drawn up again to its original position as soon as the fingers are 
withdrawn, Place it on its back ; it will lie at rest practically in the 
position in which it is placed. It makes no attempt to turn over into 
in previous poaitton, whereas an intact frog immediately turns over 
a; sojn as it is allowed to. Suspend the frog by passing a bent pin 
throngh the lower jaw. The pin does not act as a stimulus, and so 
cause reflex movements, because the centres of the sensory nerves of 
this part have been destroyed in pithing the brain. The frog may thus 
be supported in any convenient manner and the reflex movements in 
response to various forms of stimuli studied. 

1. Mechunii-uL 

(a) Pinch any one of the toes of the right foot ; the right leg is drawn 
up, If the toe be held you will feel a pull on the fingers, tending to 
lift the leg. This pull is not continuous, but varies In strength. Pinch 
a toe of the left foot ; the left leg is drawn up. Pinch the skin of the 
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flank ; the leg of the same side is rapidly drawn up, as if to poah away 
the object stimulating the skin. These are all instances of unilateral 
reflex movements, and may be extended in many directions. 

{h) Finch the skin over the anterior surface of the pubes or round 
the anus ; both legs are now drawn np to rub the spot stimulated. 

(c) Pinch one of the toes gently. With a mild stimulus there 
may only be a slight flexion at ankle and knee. Increase the strength 
of the pinch, and the movements of the leg become more marked. If 
the strength be still further increased, movements of the opposite 1^ 
will also be produced. 

2, Electrical. 

{a) Single induction s/iof^'s.— Apply a pair of wire electrodes from 
the secondary coil to the skin of the leg. Stimulate with single induced 
shocks, gradually increasing the strength of the shock. No reflexes 
are produced, though a twitch produced by the direct excitation of 
the muscles may be produced if the stimulus be sufficientiy strong. 

(b) Repeated induced shocks. — At first employ very weak stimuli. 
A reflex is quite readily obtained. This forms an instance of summa- 
tion of effect. A single stimuluB produces no result : but if repeated, 
even though weak, the effects are gradually summed up until they are 
able to produce a series of reflex impulBes. 

3, Chemical. 

(a) Take some 02 per cent, sulphuric acid in a small beaker, 
and with the frog suspended move one leg to one side with a 
loop of thread or a glass rod, and then immerse the other foot 
in the dilute acid. In a short time the leg is withdrawn from the 
acid, but will again relax, dip into the acid and be withdrawn for a 
second time. Remove the acid and wash the skin thoroughly with 
water to remove all traces of acid. Allow the frog to rest for a few 
minnteB. 

In all cases where a chemical irritant has been employed it is of 
the greatest importance that this resting period should he sufficiently 
long — five to ten minutes— before a fresh excitation is attempted, other- 
wise the results obtained are not characteristic. 

{b) Repeat the experiment, usii^ 10 per cent, acetic acid instead 
of the sulphuric. 

4, Thermal . 

Touch one of the toes with a heated wire ; the foot is withdrawn. 

Having shown by these experiments that a reflex act is produced 
in response to mechariical, electrical, chemionl, or thermal etimuli, 
proceed next to study the characters of the reflex. 
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1. The latent period or reflex time. 

Arrange a time marker recording ^ seconds and a signal to write 
vertically over one another on a blackened surface set to rotate at about 
1 cm. per 2^ seconds. Take some of each of the four strengths of stdpljiiiric 
acid, O'l per cent., 0*2 per cent., 0*3 per cent., and 0*4 per cent., in small 
beakers, labelling each. Dip the foot up to the ankle in the weakest solution, 
recording the instant of immersion by closing the key of the signal. Wait 
until the foot is withdrawn and then open the key of the signal. Count the 
number of oscillations of the time marker which have occurred during the 
closure of the current through the signal. This is the reflex time for that 
strength of acid. Wash the skin thoroughly, allow the frog to rest for a 
time, and then repeat the experiment, using the 0*2 per cent, solution. In the 
same way repeat for the other strengths of solution. 

Arrange the results thus obtained in tabular form^as in the follow- 
ing instance : — 



strength of Acid 



Reflex Time in Seconds. 



Per cent. 
0-1 
0-2 
0-3 
0-4 



3-26 

30 

2-26 

2-0 



2. Purposive character of the reflex, — In all the reflex actions 

studied it will be noticed that the muscular response is a very complex 

one. It is in no way an irregular series of twitches of the limb 

muscles, but is a movement similar in nature to those carried out by 

the frog during its life. It involves several muscles, each of which 

contracts at the right instant, to the proper extent, and at the proper 

rate, and another set of muscles which relax to the right degree, and 

at the right time ; i.e. it is a co-ordinated movement. In addition to 

this the response obtained is different according to the part stimulated, 

and when examined is seen to tend either to remove the irritating 

body, to move that part of the body from the irritant, or to remove the 

whole body. This purposive character of the response is weU seen in 

the following experiment : — 

Take some squares of filter paper, about 4 mm. each side, and dip them 
into some 20 or 40 per cent, acetic acid. Bemove the excess of acid from one 
of these and place it upon the flank of the frog. After a latent period the 
limb on the same side is drawn up, and the flank rubbed with it as if to wipe 
away the irritating body. In this the movement frequently succeeds. Wash 
the skin, and after a period of rest apply another square and hold the leg of 
the same side. The leg of the opposite side wiU probably be moved so as to 
remove the irritant. Wash the skin again and study the effects of altering 
the position of the irritant. In aU cases characteristic but different movements 
are produced. 

3. Irradiation of reflex movements. — In many of the experiments 
we have so far tried it has been noted that with a given stimulus 
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applied, say, to one part of a limb, a fixed response is obtained ; but if 
the strength of the stimulus be increased, the movement may involve 
parts on the other side. This is termed irradiation. In studying the 
question of response with regard to strength of stimulus employed it is 
found that as the strength increases the stimulus tends to spread first 
to the same level on the opposite side, e.g, from one leg to the other ; 
and that only when the stimulus is still further increased does it tend to 
spread upwards and downwards to fresh levels. There are conditions 
in which the extension of a stimulus to other parts is greatly facilitated ; 
as, for instance, in strychnine poisoning. 

Take a frog with its brain destroyed and inject 2 drops of a 0*5 per cent, 
solution of strychnine sulphate. In a few minutes stimulation of the skin in 
any part of the body excites a general convulsion of the whole body. All 
the muscles are thrown into violent tetanic spasms and the limbs become 
extended and rigid. The tetanic spasm passes off to be at once repeated on 
even the slightest stimulation, such as a tap on the table. Note that these 
contractions are not co-ordinated muscular movements, but are general 
tetanic contractions. 

Destroy the cord by pithing. At once the contractions cease, showing 
that the effect of strychnine is one acting directly upon the cord, not upon the 
nerves and muscles. 

4. Inhibition of reflexes. — Employing the frog at first taken, expose 
the upper end of the cord and place a crystal of sodium chloride upon 
it. After a minute try to obtain any of the reflexes previously 
obtained easily. They will now be found not to occur, and may not 
be produced even though the strength of the stimulus be considerably 
increased. 
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Accommodation. — An object can be seen distinctly if it be placed 
close in front of the eye, or if it be cemoved to gome distance from 
the eye. But as an object can only be seen distinctly if its image be 
acourately focussed on the retina, it follows that the eye possesses 
some mechanism by means of which any image can at will be focussed 
upon the retina. This means consists in a power of alteration of 
the curvature of the lens. That this is the optical change pro- 
duced may be proved by studying the images reflected from the curved 
refracting surfaces of the eye, whUe the eye is fixed first upon a 
near and secondly on a distant object. The power of throwing a 
distinct image, now of a near object and now of a distant one, upon 
the retina is termed accommodation. 

Before esaminiog these images reflected irom the eye make out the fol- 
lowing points upon a aeriea of watch glasses of different curvatures ; — 

1. When light falls upon the sur&ce of a medium of different re&angi- 
bility from that in which it is travelling some of the light is reflected, even 
though the medium bo transparent. 

2. Hold a lighted match in front of a sheet of polished glass. An erect 
image of the flame is observed of the same size as the match. 

8. Bepeat, but use the convex surfaces of watch glasses of different degrees 
of cmTature, starting with nearly flat ones and ohooaing a series in which the 
amount of cinvatnre graduaOy mcreases. In all these eases images are pro- 
duced which he behind the glass, I'.f. they are virtual, and which decrease in 
size as the curvature increases. Note further that the images are erect, and 

that, as they 1 

virtual image 

4. Nest e: 
series of watch 
face, i.e. they at 

Now examine the images of a candle formed from reflection from 
the eye. Hold the candle a little to one side and in front of the ob- 
served eye and then look obHquely at the eye. Ona image is very 
clearly seen : it is erect, small and virtual, and therefore comes from 
a convex surface. The positions at which reflected images can be 



witli the increased curvature of the surface, the 
to lie nearer to tiie reflecting surface, 
the images produced from the concave surfaces of the 
[asses. These are all inverted and lie in front of the sur- 
real. They are all smaller than the object, and diminish 
towards the smface as the latter becomes more curved. 
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formed, i.e. the surfaces separating media of different refrangibility, 
are (1) the anterior surface of the cornea, (2) the anterior surface of 
the lens, and (3) the posterior surface of the lens. We shall find 
that reflected images are formed by these three surfaces and that 
the first produces the brightest image because it separates two media 
possessing a greater difference of refrangibility than is the case with 
the other surfaces. The clear image already described comes, then, 
from the anterior surface of the cornea. On examining carefully in a 
darkened room, a second image will be observed lying apparently be- 
hind the first, much less bright than that image, but erect and somewhat 
larger than the first image. This image is therefore produced by a 
convex surface lying behind, and less curved than the anterior sur- 
face of the cornea. It is from the anterior surface of the lens. On 
further examination a third image can be made out less bright than 
either of the preceding ; it is, moreover, inverted, real, and smaller 
than either. It comes, therefore, from a concave surface more curved 
than either of the preceding. This surface is the posterior surface 
of the lens. These three images are called the Sanson-Pnrkiige 
images. The changes in size and position of these images may be 
utilised to prove that the curvature of the lens alters during accom- 
modation. For this purpose the observed eye should first be accom- 
modated for a distant object and then for a near one, the reflected 
images being observed as the change occurs. It will be found that 
the first image remains unchanged, but that the second image becomes 
smaller and moves nearer to the first. This proves that the surface 
forming it, the anterior surface of the lens, becomes more convex. 
The movement towards the first image is due to two causes : firstly, 
that the anterior surface of the lens becomes more convex; and 
secondly, that the anterior surface of the lens approaches a little 
nearer to the cornea. 

The third image is also found to change, but to a much less degree. 
It becomes a little larger, and appears to move further from the 
second. The apparent size and position of this image are, however, 
modified by the fact that it is viewed through the two surfaces of the 
cornea and lens ; and careful measurements of this image have shown 
that the changes observed are due, not to a change of curvature of the 
posterior surface of the lens, but to the change in the anterior surface 
through which it is viewed. 

The observation and measurement of these images are much facilitated 
by the phakoscope, an instrument devised by von Helmholtz for that pur- 
pose. It consists (fig. 171) of a triangular box whose angles are cut off. At one 
angle two prisms, b and b\ are fixed which, when illuminated, concentrate two 
beams of light upon the observed eye. At the opposite angle, a, is an aperture 
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d at the thivil anothei aperture through which 
forward through an aperture above e. The ol 

imagea are then not«d, especiaUy with re- 
gardto tlieit Bizeandporition. 'HieijnageB 
obtoiued are given in lig. 172 A. The two 
bright ones to the left are from the snte- 
nor Burface of the cornea, the lower one 
I cing formed from 6, the upper from 6'. 
[he middle pair are much lajger than the 
hist and the third pair are smaller than 
any and inverted. Prove this by blocking 
6 with a card. The lower im^e of tb ~ 
n^ht hand pair and the upper images e 
the other two paire disappear 

The observed eye is now aeeommo- 
dated for a near object b,y looking at a 
pin in the shutter c, when the images 



Fig. 171.— Thk FHAKOscorE. Fin. 17'2.— The Kefleitted Ihaqes ab seen ™ 

(McKeniibick.) the pHAKOscorB : *, WHILE IHE EvE ifl atRest ; 

R, uimrao Accommodation. (McEendiiick.) 

change to those seen in a, tig. 372. The middle pair become smaUer, lie 

closer to one another, and approach the first pair. The third pair separate a 

little from one another nud become a little larger. 




'Ms. of the eye, brought about during ao- 
illustrated by the following experiment, 



The changes la the m 
commodation, are furthe 
known as 

Scbetner'a Biperlment. — Take a long strip of wood, anil to one end 
fix a card vertically, and pierce this with two fine pin-holen lying close 
together and oil a horizontal hne. They must be so near each other that 
they both ha within the diameter of the pupil. Fii two needles vertically 
on the wood, one about eight inches in front of the card, the other about 
twentj-four inches away. Close one eye and look through the pin-holes in 
the card at the two needles. 

1. Fix the eye u])on the distant needle. A clear single image ie obtained 
of this, but two blurred images of the nearer needle are at the same time ob- 
served. Now close the ri^ht-hand pin-hole, when the left-band image of the 
near needle disappears. On closing the left-hand pin-hole the right.haod 
image disappears. 

2. In the second place look at the nearer needle, when a double image of 
the far needle will be observed. Now close the right-hand pin-taole, when 
the right-band image dJKuppears. On closing the left-hand pin-hole, tbe 
left-hand image disappears. 

The meaning of this experiment will become clear from a stodyd 
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fig. 173. I illustrates the condition of things in the first part of the 
experiment, c c^ is the card, a and b the two pin-holes ; p is the far 
needle in transverse section, and b the near needle. The eye is 
accommodated for the far needle p, and the rays of light from it {e.g. 
the continuous lines of the figure) which pass through a and b meet 
on the retina at p. Hence there is a clear single image of p. The 
light from b {i.e. the interrupted lines of the figure) are not, with the 
position of the refracting surfaces, sufficiently refracted to meet on the 
retina, and consequently fall upon it in two patches at r^ and r^. 
These are able, however, to give a moderately good image, because 
they are only formed from the rays passing through two minute 
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Fig. 173. — To Illustrate Scheiner's Experiment. 



orifices, a andB. On now closing the left-hand pin-hole, a, the image 
at r^ disappears. This lies on the retina to the left of the second 
image at r^. But the left half of the retina is normally concerned 
with objects lying to the right, and vice versa. Consequently the 
mind projects the image at r^ as if it were coming from an object to 
the right, and the image at r^ as from an object to the left. Blocking 
a therefore causes the right-hand image to disappear, and blocking b 
the left-hand image. 

II gives the condition of things for the second half of the experi- 
ment. The eye is accommodated for r, and the rays are more 
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Then 



s from R 



refracted than in the previous c 

upon the retina at r, and produce a, clear image there. The rays 
p are more refracted, and meet at a point in front of the retina, cross, 
and impinge at two positions, p^ and p^, upon the retina, where they 
give rise to the aensation of two images of the needle p indistinct and 
hlurred. The image p' will be referred as coming from an object 
lying to the right of that caused by p'. On now blocking the left- 
hand pin-hole A the image formed by p' disappears. This is the 
left-hand image. Similarly on blocking the right-hand hole b the 
right-hand image due to p' disappears, 

The ophthalmoscope. — On looking at an eye the pupil always 
appears black. This is because most of the rays entering the eye 
are absorbed by the retinal and choroidal pigment, and those few 
which are reflected travel back along nearly the same path as that 
they took on entering the eye. To see any part of the interior of the 
eye, these reflected rays must enter the observing eye ; but as soon as 
the eye is placed to intercept them, it also blocks the course of the 
entering light. The first condition, then, is to be able to receive tha, 
reflected rays without at the same time intercepting the rays from tl 
source of light. 

This is attained by the instrument invented by von Helmholfa( 
the ophthalmoscope. The principle of this is to reflect hght into thai 
eye by a mirror in the centre of which is a small apertmre through* 
which the observer looks, and is thus able to receive some of therays^A 
reflected from the interior of the observed eye. 

There are two methods of employing the ophthalmoscope, which e 
known as the indirect anil direct methoda reEpectively. 

I. The indirect method. — The person whoae eye is to be esamined it 
seated in a darkened room with a large steady JIame plaeed a few inches 
from his head on hia left side on a level with his ejes. For examining' his 
right eye take the ophthalmoanope mirror in your right liand, and with the 
mirror towards the observed eye look through the uentral aperture, with the 
right eye so that (with the left eye closed) you can see the observed eye 
oleariy. Now open the left eye, and watching the position of the reflected 
light rotate the mirror until the reflected light is thrown on to the eye. Now 
t^l him to look steadily at some object behind you at the other end of the 
room. The pupil will now become a bright red. Get him to move hia eygj 
in variooH directioDH and in one position, when it is turned a little inwatd!^^| 
the red will change to a yellowish colour. This indicates the position of th^T 
optic diso. Now take the large biconvex lens in the left hand, holding ^9 
vertically about 2 to 3 inches from the eye, steadying your hand by reEtin 
your little linger on the temple. Tour eye should be about 15 inches from hi 
In this position an image of the fundus of the eye will be formed by the lei 
about 2 or 3 inches in front of it, i.e. about 10 inches from your eye, and y 
will be able to see this image, which if the observed eye have not been n 
will be one of the optic disc. Most beginners find some diniciilty in avo 
the reflection from the cornea and in adjusting the accommodation, and t_ 
distance of the head, so as to see the image clearly. The head must t) 
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slowly moved a little nearer to or further from the observed eye, and at the 
same time an attempt made to accommodate the eyes for a point between 
the observer and the lens. 

Fig. 174 gives diagrammatioaUy the course of the light in this instance. 
E is the observed eye and m m the concave mirror with its central aperture, 




Pig, 174.— The Course of the Light in the Indirect Method of Employing 

THE Ophthalmoscope. 



s a source of light the rays from which falling upon the mirror are reflected 
to form an image at o. They then diverge, but are again condensed by the 
lens, and entering the eye, e, form a second image just behind the lens ; they 
then again diverge and diffusely illuminate the fundus oculi. The rays of 
light reflected from two points, i and m, on the fundus, diverging from the eye, 
are refracted by the lens to form an inverted real image, i^ m^, larger than 
the object, i m. These latter rays then diverging are collected and focussed 
by the observing eye e^ to form an image i^ m- on the retina. 

The indirect method of examination is most generally useful because it 
gives a large field of view under a low magnifying power (about five 
diameters). In the view obtained it must be remembered that all the parts 
are inverted, that seen to the right being from the left part of the fundus, 
and vice versa. 



m** 




Fig. 176. — The Course of the Light in Examining the Eye by the 

Direct Method. 

II. The direct metliod, — In this method the examination is made with 
the mirror alone, without the intervention of the biconvex lens. In this 
method a small concave mirror is used, and is brought as cIokc as possible 
to the observed eye, which should be accommodated for distant vision. The 
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reflected rays from any point of the fiinduB in a. normal eye then emerge 
parallel, and the observer's eye should also be accommodated for dietont 
vision in order thafa clear imaga may be thrown upon liis retina. As thia 
latter is at first difficult and requireB some practice, it will be found easier to 
insert a biconcave Icnb behind the aperture of the mirror to render the rays 
divergent, and then the i>bservc>r accotinnodateH until distinct vision is 
obtained. 

Fig. 170 shows the coutbo of the rays of hght when emjiloying this 
method, h is the source of light and h m the mirror which reflects the raya 
of light, these are focussed by the eye being examined (e) to a, point ia 
the vitreous, and &om this cause a diffuse lighting of the fundus. Rays of 
light issuing from a point jj emerge from the eye parallel to one another, and 
entering the observing eye e' are brought to a focus, ;;*, which lies on the retina, 
as the eye is accommoduted for distant vision. Similarly a point in will give 
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HOLMSREN'S METHOD OF TEaTING OOLOUR VlSIOSi 

In this method a large number of sample skeins of worsteds C 
different colours and shades of colour ai'e employed. The coloui 
include reds, oranges, yellovfs, yellowish greens, pure greens, blaj 
greens, blues, violets, purples, pinks, browns, and greys. The method 
of testing consists in picking out one of the skeins and requesting thi 
subject to be tested to select skeins from the pile which resemble it ii 
cotoiu-. No two skeins are alike, so that the examinee is to pick oiq 
skeins which appeal' of the same colour, though they may be lighte 
or darker, or of nearly the same shade. 

When testing for colour blindness the following plan is recoup 
mended. A pale green, a purple, and a red skein are chosen e 
are termed lest skeins. 

I. The green skein is first picked out. This skein should be t 
palest shade of pure gi'een, which is neither a yellow gi'et 
blue green. The examination is continued until the examinee hs^ 
picked out all the other skeins of the same colour, or else plaoefl^ 
with them one or more skeins of what are termed the confnuoi 
COloHTB. These confusion colours which a colour-blind person i 
thus pick out are of various tints, according to the amount of 1 
defect. Thus there may be greys, light reds, or light purples. 
fact that any confusion colour is picked out is sufficient to show thi^ 
he is colour blind. To determine the kind and degree of oolot 
blindness the next test skein is given. 

II. This is a purple skein, and should be midway in oolot 
between the lightest and darkest purple in the heap. The test i 
continued until the examinee has picked out all the purples, 
certain confusion colours have been selected. 
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A person who has been proyed colour blind by the firat test, but 
who only selects purples in the second, ia incovipletely colour blind. 

If he select with the purples blue and violet, he is completely red 
blind. 

II he select with purple only green and grey, he is completely 
green blind. 

As a final and confirmatory test, the third teat skein is presented. 

III. This is a bright red skein of medium shade tending rather 
to a. yellowish red. 

The red-blind person chooses with the reds, greens and browns 
; of darker shade than the sketn presented. 

The green blind chooses with the reds, greens and browns of 
I lighter shade than that of the test skein. 
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PERIMETRY 

When we wish to carefully examine any object we tui-n our eyes 
to such a position that the image of the object falls upon the fovea 
eentrahs. This is termed direct vision. The vision produced by 
images formed on the peripheral parts of the retina is in contradis- 
tinction termed indirect vision. Indirect vision is much less acute 
than direct, but still the periphery of the retina is capable of appre- 
ciating movements or changes in intensity of light falling upon it. 

In order to teat the limitB 
of indirect vision the peri- 
meter (fig. 176) is employed. 
This cocBists of a vertical 
pillar carrying a horizontal 
axis wliich bears on one side 
a circular arc and on the 
other a vertical disc to which 
B chart can be fixed. A httle 
holder can be moied along 
the arc into any position. A 
second support terminating in 
a knob is provided, against 
which the cheek is held about 
an inch below the centre of 
the eye to be tested. The 
opposite eye is then closed, 
and t)ie otlier one fixed in 
position by looking steadily 
at a white knob in the centre 
of the axis of the instrument. 
A chart ia nest fixed in posi- 
tion in the vertical disc, and first a white square held in the carrier on the 
rotating arc. This is moved from the periphery towards the centre until it 
is clearly obaerved, and its position then marked upon the chart. The arc 
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is then moved into a fresh meridian and a fresh observation taken, and so 
on until a series of points have been mapped out upon the chart which he 
on the limit of distinct vision. These are united by a curved line, such as tha 
doited line in fig. 177, which representB the normal average field of vision for 
white light for the right e;e. 

Having determined this for a white object, next determine similar lines 
for coloured objects. 

For the white object it is seen that the field of vision extends more 
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to the outer than to the inner side, and further above than below the 
horizontal meridian. 

In the case of colours it will be found that the capacity for distin- 
guishing them diminisheB more rapidly at the periphery than is the 
case for white light. 

The field of vision is more extensive for blue than for other 
colours ; it is least extensive for green and intermediate for red. 
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Vol. IIL, Part L THE SPINAL CORD AND BRAIN. By E. A. 
SCHAFER, F.R.S. With 139 Illustrations. Royal 8vo, 12s. 6d, 

Vol. IIL, Part IL THE NERVES. By G. D. THANE. With 102 
Illustrations. Royal 8vo, 9J. 

Vol. IIL. Part IIL THE ORGANS OF THE SENSES. By E. A. 
SCHAFER, F.R.S. With 178 Illustrations. Royal 8vo, 9^. 

Vol. III., Part IV. SPLANCHNOLOGY. By E. A. SCHAFER, 
F.R.S., and JOHNSON SYMINGTON, M.D. With 337 Illustrations. 
Royal 8vo, i6s. 

Appendix. SUPERFICIAL AND SURGICAL ANATOMY. By 
Professor G. D. THANE and Professor R. J. GODLEE, M.S. With 29 
Illustrations. Royal 8vo, 6s. (yd. 
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RICHARDSON. VITA MEDICA: Chapters of Medical Life and 

Work. By Sir B. W. RICHARDSON, M.A., LL.D., F.R.S. 8vo. i6j. 



SCHAFER. THE ESSENTIALS OF HISTOLOGY: Descrip- 
tive and Practical. For the Use of Students. By E. A. Schafer, F.R.S., 
Jodrell Professor of Physiology in University College, London ; Editor of the 
Histological Portion of Quain*s * * Anatomy. " Illustrated by more than 300 
Figures, many of which are new. Fourth Edition, Revised and Enlarged. 
8vo, 7 J. (}d, (Interleaved, ioj.) 



SCHENK. MANUAL OF BACTERIOLOGY. For Practitioners and 
Students. With especial reference to Practical Methods. By Dr. S. L. 
SCHENK, Professor (Extraordinary) in the University of Vienna. Trans- 
lated from the German, with an Appendix, by W. R. DAWSON, B.A., 
M.D., Univ. Dub. ; late University Travelling Prizeman in Medicine. With 
100 Illustrations, some of which are coloured. 8vo, lOi. net. 



SMALE AND COLYER. DISEASES AND INJURIES OF 

THE TEETH, including Pathology and Treatment : a Manual of Practical 
Dentistry for Students and Practitioners. By MORTON SMALE, M. R.C.S., 
L.S. A, L.D.S., Dental Surgeon to St. Mary's Hospital, Dean of the School, 
Dental Hospital of London, &c. ; and J. F. COLYER, L.R.C.P., M.R.C.S., 
L.D.S., Assistant Dental Surgeon to Charing Cross Hospital, and Assistant 
Dental Surgeon to the Dental Hospital of London. With 334 Illustrations. 
Large Crown 8vo, 15^. 

SMITH (H. F.). THE HANDBOOK FOR MIDWIVES. By 

HENRY FLY SMITH, B.A., M.B. Oxon., M.R.C.S. Second Edition. 
With 41 Woodcuts. Crown 8vo, price 5J. 



^EE\^.— WORKS by JOHN HENRY STEEL, F,R.C,V,S., RZ.S., 

A.y.D.j late Professor of Veterinary Scietue and Principal of Bombay Veterinary College* 

A TREATISE ON THE DISEASES OF THE DOG; being a 
Manual of Canine Pathology. Especially adapted for the use of Veterinary 
Practitioners and Students. 88 Illustrations. 8vo, lor. (yd, 

A TREATISE ON THE DISEASES OF THE OX ; being a 
Manual of Bovine Pathology. Especially adapted for the use of Veterinary 
Practitioners and Students. 2 Plates and 117 Woodcuts. 8vo, 15J. 

A TREATISE ON THE DISEASES OF THE SHEEP; being 
a Manual of Ovine Pathology for the use of Veterinary Practitioners and 
Students. With Coloured Plate, and 99 Woodcuts. 8vo, I2J. 

OUTLINES OF EQUINE ANATOMY; a Manual for the use of 

Veterinary Students in the Dissecting Room. Crown 8vo, yj. (yd. 
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STEVENSON. WOUNDS IN WAR: the Mechanism of their 

Production and their Treatment. By Surgeon-Colonel W. F. STEVENSON 
(Army Medical Staff), A.B., M.B., M.Ch. Dublin University; Professor of 
Military Surgery, Army Medical School, Net ley. With 86 Illustrations. 8vo, 
price i8j. 

"STONEHENGE." THE DOG IN HEALTH AND DISEASE. 

By " STONEHENGE. " With 84 Wood Engravings. Square crown 8vo, 7J. 6^. 



THORNTON. HUMAN PHYSIOLOGY. By JOHN THORNTON, 

M.A., Author of ** Elementary Physiography," ** Advanced Physi(^aphy," 
&c. With 267 Illustrations, some of which are Coloured. Crown 8vo, 6s, 



TIRARD. DIPHTHERIA. AND ANTITOXIN. By NESTOR 

TIRARD, M.D. Lond., Fellow of the Royal College of Physicians ; Fellow 
of King's College, London ; Professor of Materia Medica and Therapeutics at 
King's College ; Physician to King's College Hospital ; and Senior Physician 
to the Evelina Hospital for Sick Children. 8vo, *js. 6d. 



WAKLEY. THE LIFE AND TIMES OF THOMAS WAKLEY, 

Founder and First Editor of the Lancet, Member of Parliament for Finsbury, 
and Coroner for West Middlesex. By S. SQUIRE SPRIGGE, M.B. 
Cantab. With 2 Portraits. 8vo, i8j. ' 



V^t^LLER,— WORKS by AUGUSTUS D, WALLER, M.D,, Lecture^ 

071 Physiology at St. Marys Hospital Medical School^ London; late External Examiner 
at the Victorian University. 

AN INTRODUCTION TO HUMAN PHYSIOLOGY. Third 

Edition, Revised. With 314 Illustrations. 8vo, i8j. 

EXERCISES IN PRACTICAL PHYSIOLOGY. 

Part I. — Elementary Physiological Chemistry, By Augustus D. 

Waller and W. Legge Symes. 8vo, sewed, is. net. 
Part II. — In the Press, 

Part III. — Physiology of the Nervous System ; Electro- Physiology, 
8vo, 2s, 6d, net. 

LECTURES ON PHYSIOLOGY. 

First Series. — On Animal Electricity, 8vo, 5^. net. 
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WEICHSELBAUM. THE ELEMENTS OF PATHOLOGICAL 
HISTOLOGY, with Special Reference to Practical Methods. 

By Dr. ANTON WEICHSELBAUM, Professor of Pathology in the 
University of Vienna. Translated by W. R. DAWSON, M.D. (Dub.), 
Demonstrator of Pathology in the Royal College of Surgeons, Ireland, late 
Medical Travelling Prizeman of Dublin University, &c. With 221 Figures, 
partly in Colours, a Chromo-lithographic Plate, and 7 Photographic Plates. 
Royal 8vo, 21J. net. 



WILKS AND MOXON. LECTURES ON PATHOLOGICAL 

ANATOMY. By Sir SAMUEL WILKS, Bart., M.D., F.R.S., President 
of the Royal College of Physicians, and Physician Extraordinary to H. M. the 
Queen, and the late WALTER MOXON, M.D., F.R.C.P., Physician to, 
and some time Lecturer on Pathology at, Guy*s Hospital. Third Edition, 
thoroughly Revised. By Sir SAMUEL WILKS, Bart., M.D., LL.D., 
F.R.S. 8vo, i8j. 
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With 52 Woodcuts. 8vo, ^s, 6d, 
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BENNETT AND MURRAY. A HANDBOOK OF CRYP- 

TOGAMIC BOTANY. By A. W. BENNETT, M.A., B.Sc, F.L.S., 
and GEORGE R. MILNE MURRAY, F.L.S. With 378 Illustrations. 
8vo, i6j. 



CLERKE. THE SYSTEM OF THE STARS. By AGNES M. 

CLERKE, Author of **A History of Astronomy during the Nineteenth 
Century." With 6 Plates and Numerous Illustrations. 8vo, 2ij. 
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GLQDli.— WORKS by EDWARD CLODD, Author of' The Childhood 

o/ the World," &>€, 

THE STORY OF CREATION. A Plain Account of Evolution. 
With 77 Illustrations. Crown 8vo, y, 6d» 

A PRIMER OF EVOLUTION : being a Popular Abridged Edition of 
**The Story of Creation." With Illustrations. Fcp. 8vo, u. 6d. 



CROOKES. SELECT METHODS IN CHEMICAL ANALYSIS 

(chiefly Inorganic). By Sir W. CROOKES, F.R.S., V.P.C.S., Editor of 
"The Chemical News." Third Edition, re- written and enlarged. Illus- 
trated with 67 Woodcuts. 8vo, 21s, net 



CULLEY. A HANDBOOK OF PRACTICAL TELEGRAPHY. 

By R. S. CULLEY, M.I.C.E., late Engineer-in-Chief of Telegraphs to the 
Post Office. With 135 Woodcuts and 17 Plates, 8vo, i6j. 



DU BOIS. THE MAGNETIC CIRCUIT IN THEORY AND 

PRACTICE. By Dr. H. DU BOIS, Privat-docent in the University of 
Berlin. Translated from the German by Dr. E. ATKINSON. With 
94 Illustrations. 8vo, 12s, net. 



MAGNETIC FIELDS OF FORCE : An Exposition of 
the Phenomena of Magnetism, Electromagnetism, and Induction, based on 
the Conception of Lines of Force. By H. EBERT, Professor of Physics 
in the University of Kiel. Translated by C. V. BURTON, D.Sc. Part I. 
With 93 Illustrations. 8vo, los. 6d. net. 



GANOT. ELEMENTARY TREATISE ON PHYSICS; 

Experimental and Applied, for the use of Colleges and Schools. Translated 
and edited from Ganot's EUments de PhysiquB (with the Author's sanction) 
by E. ATKINSON, Ph.D., F.C.S., formerly Professor of Experimental 
Science, Staflf College, Sandhurst. Fourteenth Edition, revised and enlarged, 
with 9 Coloured Plates and 1,028 Woodcuts. Large crown 8vo, 15J. 

NATURAL PHILOSOPHY FOR GENERAL READERS 

AND YOUNG PERSONS; Translated and Edited from Ganot's 
Cour$ Elimentaire de Physique (with the Author's sanction) by E. ATKIN- 
SON, Ph.D., F.C.S. Eighth Edition, carefully revised; with 7 Plates, 
624 Woodcuts, and an Appendix of Questions. Crown Svo, 7^. 6^. 
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QOODEME.— WORKS by T. M. GOODEVE, M.A,, BarHster-at- 

Law ; formerly Professor of Mechanics at the Normal School of Science and the Royal 
School of Mines. 

PRINCIPLES OF MECHANICS. New Edition, re-written and 
enlarged. With 253 Woodcuts and numerous Examples. Crown 8vo, 6s. 

THE ELEMENTS OF MECHANISM. New Edition, re-written 
and enlarged. With 357 Woodcuts. Crown 8vo, 6s. 

A MANUAL OF MECHANICS : an Elementary Text-Book for 
Students of Applied Mechanics. With 138 Illustrations and Diagrams, and 
141 Examples taken from the Science Department Examination Papers, with 
Answers. Fcp. 8vo, 2s, 6d. 



HEVMHOVJZ.— WORKS by HERMANN L. F. HELMHOLTZ, 

M.D.f late Professor of Physics in the University of Berlin. 

ON THE SENSATIONS OF TONE AS A PHYSIOLOGICAL 
BASIS FOR THE THEORY OF MUSIC. Second English 
Edition ; with numerous additional Notes, and a new Additional Appendix, 
bringing down information to 1885^ and specially adapted to the use of 
Musical Students. By ALEXANDER J. ELLIS, B.A., F.R.S., F.S.A., 
&c., formerly Scholar of Trinity College, Cambridge. With 68 Figures 
engraved on Wood, and 42 Passages in Musical Notes. Royal 8vo, 28j. 

POPULAR LECTURES ON SCIENTIFIC SUBJECTS. With 
68 Woodcuts. 2 Vols, crown 8vo, 3^. 6d. each. 



HERSCHEL. OUTLINES OF ASTRONOMY. By Sir JOHN F. 

W. HERSCHEL, Bart., K.H., &c., Member of the Institute of France. 
Twelfth Edition, with 9 Plates, and numerous Diagrams. 8vo, I2j. 



HUDSON AND GOSSE. THE ROTIFERA OR 'WHEEL 

ANIMALCULES.' By C. T. HUDSON, LL.D., and P. H. GOSSE, 
F.R.S. With 30 Coloured and 4 Uncoloured Plates. In 6 Parts. 4to, price 
I Of. 6d. each ; Supplement, I2J. 6d, Complete in Two Volumes, with 
Supplement, 4to, £^ 4J. 

*^^* The Plates in the Supplement contain figures of almost all the Foreign 
Species, as well as of the British Species, that have been discovered since the 
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JOUBERT. ELEMENTARY TREATISE ON ELECTRICITY 

AND MAGNETISM. Founded on Joubert's " Traiti Elinuntaire 
d^Electridti:' By G. C. FOSTER, F.R.S., Quain Professor of Physics in 
University College, London; and E. ATKINSON, Ph.D., formerly Pro- 
fessor of Experimental Science in the Staff College. With 381 Illustrations. 
Crown 8vo, 75. 6d. 
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KOLBE. A SHORT TEXT-BOOK OF INORGANIC CHE- 
MISTRY. By Dr. HERMANN KOLBE, late Professor of Chemistry 
in the University of Leipzig. Translated and Edited by T. S. HUM- 
PIDGE, Ph.D., B.Sc. (Lond.), late Professor of Chemistry and Physics in 
the University College of Wales, Aberystwyth. New Edition. Revised by 
H. Lloyd-Snape, Ph.D., D.Sc. (Lond.), Professor of Chemistry in the Uni- 
versity College of Wales, Aberystwyth. With a Coloured Table of Spectra 
and 66 Woodcuts. Crown 8vo, 8j. 6d, 



LARDEN. ELECTRICITY FOR PUBLIC SCHOOLS AND 

COLLEGES. With numerous Questions and Examples with Answers, 
and 214 Illustrations and Diagrams. By W. LARDEN, M.A. Crown 8vo, 6j. 



LEWIS. PAPERS AND NOTES ON THE GENESIS AND 

MATRIX OF THE DIAMOND. By the late HENRY CAR- 
VILL LEWIS, M.A., F.G.S., Professor of Mineralogy in the Academy of 
Natural Sciences, Philadelphia, Professor of Geology in Haverford College, 
U.S.A. Edited from his unpublished MSS. by Professor T. G. BONNEY, 
D.Sc, LL.D., F.R.S., &c. With 2 Plates and 35 Illustrations in the Text. 
Svo, 'js. 6d. 

LINDLEY AND MOORE. THE TREASURY OF BOTANY, 
OR POPULAR DICTIONARY OF THE VEGETABLE 

KINGDOM : with which is incorporated a Glossary of Botanical Terms. 
Edited by J. LINDLEY, M.D., F.R.S., and T. MOORE, F.L.S. With 
20 Steel Plates, and numerous Woodcuts. 2 Parts, fcp. Svo, price 12s, 



LOWELL. MARS. By PERCIVAL LOWELL, Fellow American Academy, 
Member Royal Asiatic Society, Great Britain and Ireland, &c. With 24 
Plates. Svo, 12s. 6d» 

*^* The book is written in a style suitable for the general reader, and the 
most recent speculations as to the planet being inhabited, the possible canals, 
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MARTIN. NAVIGATION AND NAUTICAL ASTRONOMY. 

Compiled by Staff- Commander W. R. MARTIN, R.N., Instructor in 
Surveying, Navigation, and Compass Adjustment ; Lecturer on Meteorology 
at the Royal Naval College, Greenwich. Sanctioned for use in the Royal 
Navy by the Lords Commissioners of the Admiralty. Royal Svo, iSj. 



MENDELEEFF. THE PRINCIPLES OF CHEMISTRY. By 

D. MENDELfiEFF. Translated from the Russian (Sixth Edition) by 
GEORGE KAMENSKY, A.R.S.M. of the Imperial Mint, St. Petersburg, 
and Edited by T. A. LAWSON, B.Sc, Ph.D., Fellow of the Institute of 
Chemistry. With 96 Diagrams and Illustrations. 2 Vols. Svo, 3dr. 
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MEYER. OUTLINES OF THEORETICAL CHEMISTRY. 

By LOTHAR MEYER, Professor of Chemistry in the University of Tubin- 
gen. Translated by Professors P. PHILLIPS BEDSON, D.Sc, and W. 
CARLETON WILLIAMS, B.Sc. 8vo, 9^. 



MORGAN. ANIMAL BIOLOGY. An Elementary Text Book. By 
C. LLOYD MORGAN, Principal of University College, Bristol. With 
numerous Illustrations. Crown 8vo, Ss, (xi. 



M0880. FEAR. By ANGELO MOSSO. Translated from the Fifth 
Edition of the Italian by E. LOUGH and F. KIESOW. With 8 Illustra- 
tions. Crown 8vo, *]$. 6d, 



* * 



This book deals with much more than is conveyed by the title. It is, 
in fact, a series of essays on the expression of the emotions, dealing more 
especially with the painful emotions. Although the subject is treated in a 
measure scientifically, i.e., physiologically, the book is not intended solely for 
the scientific public. 



OSTWALD. SOLUTIONS. ByW. OSTWALD, Professor of Chemistry 
in the University of Leipzig. Being the Fourth Book, with some additions, 
of the Second Edition of Ostwald*s ** Lehrbuch der Allgemeinen Chemie.'* 
Translated by M. M. PATTISON MUIR, Professor of Gonville and Caius 
College, Cambridge. 8vo, I or. 6d, 



PAYEN. INDUSTRIAL CHEMISTRY ; A Manual for use in Tech. 
nical Colleges or Schools, also for Manufacturers and others, based on a 
Translation of Stohmann and Engler's German Edition of Payen's Precis de 
Chimit Industrielle, Edited and supplemented with Chapters on the Chemistry 
of the Metals, &c., by B. H. PAtJL, Ph.D. With 698 Woodcuts. 8vo, 42J. 
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OLD AND NEW ASTRO- 
NOMY. By Richard A 
Proctor and A Cowper 
Ran YARD. With 31 Plates and 
472 Illustrations. Text. 4to, 21J. 

LIGHT SCIENCE FOR 
LEISURE HOURS; Familiar 
Essays on Scientific Subjects, 
Natural Phenomena, &c. 3 Vols. 
Crown 8vo, 5j. each. 



THE ORBS AROUND US ; a 
Series of Essays on the Moon and 
Planets, Meteors, .and Comets. 
With Chart and Diagrams. Crown 
8vo, y. 6^. 

OTHER WORLDS THAN 
OURS ; The Plurality of Worlds 
Studied under the Light of Recent 
Scientific Researches. With 14 
Illustrations. Crown 8vo, 3J. 6^. 

[Continued, 
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PROCTOR.— WORKS by RICHARD A, PROCTOR— continued. 



THE MOON ; her Motions, As- 
pects, Scenery, and Physical 
Condition. With Plates, Charts, 
Woodcuts, and Lunar Photo- 
graphs. Crown 8vo, ^s, 

UNIVERSE OF STARS ; Pre- 
senting Researches into and New 
Views respecting the Constitution 
of the Heavens. With 22 Charts 
and 22 Diagrams. 8vo. los, 6d, 

LARGER STAR ATLAS for 
the Library, in 12 Circular Maps, 
with Introduction and 2 Index 
Pages. Folio, 151., or Maps 
only, I2s, 6d, 

NEW STAR ATLAS for the 
Library, the School, and the Ob- 
servatory, in 12 Circular Maps 
(with 2 Index Plates). Crown 
8vo, 5j. 

OTHER SUNS THAN OURS : 
a Series of Essays on Suns — Old, 
Young, and Dead. With other 
Science Gleanings, Two Essays 
on Whist, and Correspondence 
with Sir John Herschel. With 
9 Star-Maps and Diagrams. 
Crown 8vo, 31. 6ti. 

HALF-HOURS WITH THE 
TELESCOPE : a Popular Guide 
to the Use of the Telescope as a 
Means of Amusement and Instruc- 
tion. With 7 Plates. Fcap. 8vo, 

THE SOUTHERN SKIES : 
a Plain and Easy Guide to the 
Constellations of the Southern 
Hemisphere. Showing in 12 
Maps the position of the principal 
Star-Groups night after night 
throughout the year. With an 
Introduction and a separate Ex- 
planation of each Map. True for 
every Year. 4to, $s. 



HALF-HOURS WITH THE 
STARS : a Plain and Easy Guide 
to the Knowledge of the Con- 
stellations. Showing in 12 Maps 
the position of the principal Star- 
Groups night after night through- 
out the Year. With Introduction 
and a separate Explanation of 
each Map. True for every Year. 
4to, 3^. 6d, 

THE STARS IN THEIR SEA- 
SONS. An Easy Guide to a 
Knowledge of the Star Groups, in 
12 Large Maps. Imperial 8vo, 5^. 

OUR PLACE AMONG IN- 
FINITIES : a Series of Essays 
contrasting our Little Abode in 
Space and Time with the Infini- 
ties around Us. Crown 8vo, 3J. 6d, 

ROUGH WAYS MADE 
SMOOTH. Familiar Essays 
on Scientific Subjects. Crown 
8vo, 3J. 6d, 

THE EXPANSE OF HEAVEN. 
Essays on the Wonders of the 
Firmament. Crown 8vo, 31. 6d, 

PLEASANT WAYS IN 
SCIENCE. Crown 8vo, 3/. 6d. 

MYTHS AND MARVELS OF 
ASTRONOMY. Crown 8vo, 
y. 6d, 

NATURE STUDIES. By 
Grant Allen, A. Wilson, 
T. Foster, E. Clodd, andR.A. 
Proctor. Crown 8vo, 3^. 6d» 

LEISURE READINGS. ByE. 
Clodd, A. Wilson, T. Foster, 
A. C. RuNYARD, and R. A. 
Proctor. Crown 8vo, 3^. 6d, 

STRENGTH: How to get Strong 
and keep Strong, with Chapters 
on Rowing and Swimming, Fat, 
Age, and the Waist. With 9 Il- 
lustrations. Crown 8vo, 2s, 
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REYNOLDS. EXPERIMENTAL CHEMISTRY for Junior Students. 
By J. EMERSON REYNOLDS, M.D.,F.R.S., Professor of Chemistry, Univ. 
of Dublin. Fcp. 8vo, with numerous Woodcuts. 

Part I. — Ifttroductoryy \s, Sd. Part III. — Metals and Allied Bodies ^ 3^. 6d, 
Part II. — Non-Metals, 2s, 6d, Part IV. — Chemistry of Carbon Compounds^ 41. 

ROMANES.— ^C^^A-^ by GEORGE JOHN ROMANES, M.A., 

LL.D.y F.Ji.S. 

DARWIN, AND AFTER DARWIN : an Exposition on the Darwinian 
Theory, and a Discussion on Post -Darwinian Questions. Part I. The Dar- 
winian Theory. With Portrait of Darwin and 125 Illustrations. Crown 8vo, 
lOf. 6d. Part II. Post-Darwinian Questions : Heredity and Utility. 
With Portrait of the Author and 5 Illustrations. Crown 8vo, ioj. 6d, 
Part III. Post-Darwinian Questions: Isolation and Physiological 
Selection. Crown 8vo, 51. 

AN EXAMINATION OF WEISMANNISM. Cr. 8vo, 6.. 

ESSAYS. Edited by C. LLOYD MORGAN, Principal of University Col- 
lege, Bristol. Crown 8vo, 6s. 

Contents : Primitive Natural History — The Darwinian Theory of Instinct 
— Man and Brute — Mind in Men and Animals — Origin of Human Faculty — 
Men till Differences between Men and Women — What is the Object of Life ? 
— Recreation — Hypnotism — Hydrophobia and the Muzzling Order. 



SLINGO AND BROOKER. ELECTRICAL ENGINEERING 
FOR ELECTRIC-LIGHT ARTISANS AND STUDENTS. 

(Embracing those branches prescribed in the Syllabus issued by the City and 
Guilds Technical Institute.) By W. SLINGO and A. BROOKER. With 
346 Illustrations. Crown 8vo, 12s. 



SORAUER. A POPULAR TREATISE ON THE PHYSIOLOGY 

OF PLANTS. For the Use of Gardeners, or for Students of Horticulture 
and of Agriculture. By Dr. PAUL SORAUER, Director of the Experimental 
Station at the Royal Pomological Institute in Proskau (Silesia). Translated 
by F. E. WEISS, B.Sc, F.L.S., Professor of Botany at the Owens College, 
Manchester. With 33 Illustrations. 8vo, gs. net. 



THORPE. A DICTIONARY OF APPLIED CHEMISTRY. 

By T. E. THORPE, B.Sc. (Vict), Ph.D., F.R.S., Treas. C.S., Professor of 
Chemistry in the Royal College of Science, London. Assisted by Eminent 
Contributors. To be published in 3 vols. 8vo. Vols. I. and II. £2 2s, each. 
Vol. III. £3 3J. 

TUBEUF. DISEASES OF PLANTS DUE TO CRYPTO- 

GA^NIIC PARASITES. Translated from the German of Dr. CARL 
FREIHERR VON TUBEUF, of the University of Munich, by WILLIAM 
G. SMITH, B.Sc, Ph.D., Lecturer on Plant Physiology to the University of 
Edinburgh. With 330 Illustrations. Royal 8vo, i8j. net. 
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TiVADt<LL.— WORKS by JOHN TYNDALL, F.R.S., &-c. 
FRAGMENTS OF SCIENCE. 2 Vols. Crown 8vo, i6s. 
NEW FRAGMENTS. Crown 8vo, lOJ. 6d. 
HEAT A MODE OF MOTION. Crown 8vo, i2s. 
SOUND. With 204 Woodcuts. Crown Svo, lar. 6d, 

RESEARCHES ON DIAMAGNETISM AND MAGNE-CRYS- 

TALLIC ACTION, including the question of Diamagnetic Polarity. 
Crown Svo, 12s, . 

ESSAYS ON THE FLOATING-MATTER OF THE AIR 

in relation to Putrefaction and Infection. With 24 Woodcuts. Crown Svo, 
Js, 6d, 

LECTURES ON LIGHT, delivered in America in 1872 and 1873. . 
With 57 Diagrams. Crown 8vo, 5J. 

LESSONS IN ELECTRICITY AT THE ROYAL INSTITU- 

TION, 1875-76. With 58 Woodcuts. Crown 8vo, 2s. 6d, 

^ NOTES OF A COURSE OF SEVEN LECTURES ON 

t ^ ELECTRICAL PHENOMENA AND THEORIES, delivered at 

; the Royal Institution. Crown 8vo, is. 6d, 

f NOTES OF A COURSE OF NINE LECTURES ON LIGHT, 

I delivered at the Royal Institution. Crown 8vo, is. 6d. 

I FARADAY AS A DISCOVERER. Crown 8vo, 3^. 6d. 

THE GLACIERS OF THE ALPS : being a Narrative of Excursions 
and Ascents. An Account of the Origin and Phenomena of Glaciers, and an 
Exposition of the Physical Principles to which they are related. With 
numerous Illustrations. Crown 8vo, 6s. 6d. net. 



WATTS' DICTIONARY OF CHEMISTRY. Revised and entirely 
|. Re-written by H. FORSTER MORLEY, M.A., D.Sc, Fellow of, and lately 

I Assistant-Professor of Chemistry in. University College, London ; and M. M. 

j PATTISON MUIR, M.A., F.R.S.E., Fellow, and Prselector in Chemistry, 

1 of Gon\'ille and Caius College, Cambridge. Assisted by Eminent Contributors. 

f To be Published in 4 Vols. 8vo. Vols. I. & II. 42s, each. Vol. III. 50*. 

Vol. IV. 63s. 

WEBB. CELESTIAL OBJECTS FOR COMMON TELESCOPES. 
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